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1. 1 NTROIUCTION

For the past ten to fitteen years the Air Force Geophysics Laboratory

(AFGL), Optical Physics Division has been developing tLe expertise to cal-

cuhlate radiative transfer (direct point-to-point transmittanuLt and rdia,">')

in the earth's atmosphere. At the focus of this research are two computer

codes called LOWPURAN [Ref. 11 and FASCODE [Ref. 2,3,4]. LOWTRAN is a low

spectral resolution code (typical resolution is 20 wavenumbers) that uses

spectrally averaged and empirically derived direct transmittance functions

for spherically symmetric and refractive model atmospheres that include

aerosols. FASCODE uses the same spherical geometry and atmospheric models

found in LOWTRAN, but: retains the spectral resolution inherent in molecular

and atomic line models. The developments described in this report concern

solar/lunar scattering phenomena in the atmosphere and how such processes

can bc included in these two codes (mainly ,OWNTRAN in this study) which

are under continual development at AFGL.

.ie calculations have been performed at AFGL for some time to obtain

scattering and absorption coefficients for the various atmospheric aerosol

models that have been developed. When scattering phenomena beyond zeroth

ordec (attencation only) are to be considered, the phase function must also

be obtained - t-root Mie calculations. Section 2 describes the complete Mie

calculatious which were done for al.1 of the atmospheric aerosol models

comprising., the model, atmospheres of LOWMRAN. The Mie code and aerosol models

are described o01ly briofly since they were developed by others and ale well

docIMiLeMCed II tle 1 iterature. Tbhe computed scattering, data are

pai it ic I ty def i ned and all Iunconvent Ional approximations and assumption1s

are d'iEcusod. Tfoormat of the available data is described so that the

6
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reader: can woure readily obtainl access to0 It through AFCOL.

Since LOWM'AN uses sphericail geometry and spect-rally averaged dlirect

radiative transmission functions whlichI dr not obey Beer's law, there is no

established methLiod to compatibly calculate mIutiply scattere-d radiaitive

fields due to solar/l unar illuminationi. As a Iiitstep toward inicludingý

sca~ttering in LOWTL{AN, Section 3 develops a singjeI-sc-attering calculation

procedure compatible with LOVTI'AN and deser Ibes its integration withi a

recent version ofl the IJUNTRAN code, the resultL beingý designatecd Lt1WTRANSX.

Examiple calculations made with the niewly dovel oped code are presenited and

thle parametric range of all calculat ions., performed to date is disculssed. Ali

inde~pendentL verification of thec code is also presented along with a dis-

cussion of the effects of spdieriteal geumetry andl refraction onl tile sinlgle-

scattering results.

Sect ion 4 begins in anal v3s isfi mutt ij' ie scattor lug in ,ani atmnosphere

of tni dirc J.1 inaI I ill urn 1ilinnLIon fromi an ext erinalI source, like thle Sunl. A s

anl inlitial1 sýtop) aILlng the diff icult path1 to cail e!ate mul ti~ple scatteni ig

ifll sphierical. atmosphieres9, an Addinig/Doubling, (AID) Coisput er code[Rf 5 ,6,7]

for planeu-paLrallel mledia is miodi fled to model radiation from external1 sour-ces

(the code was originally (leve loped for infrared isotropic internal sourceCs).

A Faist- Fourier T1iltans form11 of the1 azimuIth dependence o f the pita-A se I oe ion)

15k- "' utdC1- each' Lti co cmuiu~ is uscn a suprae A/D run.T ie

-esullt, :is ae then iive rse transformed to ob La ii in t ens .1ty7 fi.Ic , d [Lhrougltou tLite

u lano-puiralle I ci meuzu. The codes. thatL per-form thiese opera t 3ýolI are de set-ibed

and tile ro so iis are chlec ked nu Li t flierl hld epe mienl t re so] ts fi n cc rta in

speCcial vs 10cs o1' theL piramelt ets (opLtical de'pth, cilliedIO, al.!uig

va r i au 1)I es) . A pa ml I el hot indei-on'ldent ape zt t! ur ný code is d(veol opC]

partly' to choeck the A/i) codei( in) t!u I ilii (Afsifci u]ysi S1 1 Ii zig1 eJ



scatLLterilg aibedoe$s Appropriate ijt crco•parlisonls are madc bLweteel hle

A/D, LOWTRANSX, and plaie-parailel single-scattering predictions to show

their conmonality and differences. The effects of spherical geometry,

refraction, and multiple scatti ring are quantified within the context

of the presenit codes. The A/D code is also used to study how spectral

redundancy in realistic, inhomogeneous atmospheres may be used to reduce

computajtional times for high resolution multiple scattering calculations.

Several appendices are used to present details of the codes and

special mathematical developments that will be of interest only to the

reader who must use the codes or their derivatives developed subsequently

by AFGI,

0

U

0
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2. AEROSOL PIIASE. FUNCTIONS

The model atmo-spheres containied iii L0OWTRAN 5) [Ref . 11 Thcl ude a number

of aerosocl models for which Mic computations have been made to produce

normal ized aerosol scat tring and absorptLionl Loul f ic icots. Whenl scattering

(beyond zero Lii order) is considered inl the radi atilye tramuster , tile phase

funilctionl mIust also he kniown. This Chapter describes tile com~plC etMile

calculations carried out for all thec arslModels Cont~ahled in LONTRAN 5.

Section. 2. 1 briefly delinecates the aerosol. models while Sct~ioni 2.2 dis-

cuisses the 141e Code used, along withi any pertLinec,- assump~tionls. Appenidix., A

describes a short- code that Will access thle resuI~ltt 1 t1 and Section 2.3

discuIsses AFGL,'s plani to prepare a singl~e, comprehensive aerosol-model

report to gui-de- the reader who may want to use the data. Detail s of how

these Micl data were used in LONT'RAN cani be found in Appendix C..

2.1 Aerosol Models-

Idol ecul ar or R2ayleighi scat tering) is wellI underst ood and accurately

miodeled by a simpl1e empiri-i cal expression [Ref. 8]. Aerosol sctteig o<-

perlties , on thle othecr h;111d , miust he Obta liied nlumer li call 11)'( adModelIs Must he

conistructed that at tempt: to dup-icat eths founld inl the altmlospherel-. TI eL

aerSol mlodels used hrare- Id icl to thoa decrbe i I N) Li~w -I%

[Ref . 1.] , which are rev [s Ions of tho(-se found in earl uer versions1 of IoWTRZAN

[Refs. 9, 10]. l"urither detalits of their deVelopme~nt can be found in References

I11 and 12. only a b rief summary ofths aer'Iosol modt Is w ii ! he given heý-re

to orient thie reader.

Tlhe a tmIos plw cr is clix'ided into) four r-egion)s tha;-t. 'on t a In dstinct ae roso I

m1odlCs as:- fol lows:

I) 0-21Kmi, BOundaIiry' Or Mlix lug layeri; wi thiin tui~s 1laver there a me four



bas ic modelIs, I ,In,( I y 1-uz 1, t, uIIkI b; , 111;1irit I me, anid ttof~osplIcr(:

aCh ha C1I V illg 1 Lro) 1Cr Ltie _jS ped C ie I-i t ' f o ur dI c ~r cnt re aLt iv(.

humidit ies. Two addiL joiial, models represenit I LghL anid hecavy log,

conditions,, which brinigs the total.- number of bounldar1Y layer aerosol

moduls to eighteenl.

2) 2-10 Kni, Upper Tiropospherie Layer; The model used inl this regioni

is identical to tire bounidary layer tropospheric model with 70/,

relative humllj(idiy.

3) 10-30 Kin, Lower Stratospheric Layer; This regioni con-tains threec

modlels cal led backgrounid statospheric, aged volcanic, and fresh

volcanlic.

*4) 30-100 Kin, Upper Atmo1spheric. Layer; OneQ meiteoric dusti model, is

usod throughiout this region.

Thore are, iherctoro, att 1Of 22 ae!rosol L11L&UUCJ-. Eachi modelt is definiied

by a un-ique size distribution- and composition-. AllI models assumec tha~t Ohe

aoercso Is are spherical and homogeneous. Thu humidity depeniden-t models,

IOWCever , Mre ACtu~al .Y two-C.Onponeit aerosols (a patUI culate surrounded by

wdLer) but are trecated as a siiigi e subst~ance usinig a muethod di scms-sed beltow.

Wit hinl CIC~I Of the four altitude reg~i ns discussed above the model pa ra-

IC tern lire conIstanlt escepL for anI alti tude depenident I odin.ilg or e U feet ive

density, Wh i ch does nlot Of foct the1 Mie Cal cuL1at ionIs. The complex refracLt-ive

inldeX to01 r'II 110limode1 has! been tabul at ed [ Re t . 11 anid i 2l 1-()or fort", Spectral

pcilits- ove;ý the range f rom 0.2 to 40 pim.

2.2 i' C.-I cii a'lIýt ionsj.

ihe Rt .1 3] Cede used here and cal LedL ILC ' (Ret . 14] was du-

4 ~y I.L1jtk Sp e npCci UicaI1 ly 1-01 ws tin the AFGI. CDC-6600 computL or Lls rem. i t Ihas

4 10



been modified to allow direct input of the desired scattering angle grid and

to provide output in a form suitable for use in the LOWTRANSX code [see

Section 3]. This Mie code handles only homogeneous aerosols but offers

"advantages of multiple run capability and improved computational time.

For aerosols containing water, an effective refraction index is formed

by taking a volume weighted average of the refraction index of the substance

and that for water [Ref. 11.]. In addition, the rural and urban models each

contain two distinct size distributions that lead to slightly different

indices of refraction. These are sufficiently similar such that a simple

numerical average is taken of the indices. The maritime model, on the other

hand, has two distinct size distributions which are run through the Mie

code separately. A combined phase function is then formed for the maritime

model by forming a scattering-coefficient weighted average on tiese two phase

functions. All the other aerosol models are homogeneous with a given size

distribution.

The Mie code could be run at each of the fort: specLral points with a

fine scattering-angle grid for each of the twenty-two models. The data base

would then be very large and the computational time excessive. Considerable

discussion with the staff at AFGIJ led to the following spectral points (27)

and scatteiring-anglC grid (34) that is a compromise between accuracy and

practicality.

a) Spectral points (pm0): 0.2, 0.3, 0.55, 0.6943, 1.06, 1.536,

2.0, 2.5, 2.7, 3.0, 3.2, 3.3923, 5.0, 6.0, 7.2, 7.9, 8.7,

9.2, I0.6, 10.591, 12.5, 15.0, 17.2, 18.5, 21.3, 30.0, 40.0.

b) Scatteririg-nnglI Grid (degrees): 0 ' -ý 120 ne emcit 5 - 20),

1 2 ' -- 40' (increments of 40), 40°' 120' (icrenmuiens of 10c),

L20' 18 SO' (.inere.nunt.s ,•1 5n ).

11
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The data ri-sulting from the 594 (22 models times 27 spectral points)

Mie runs arce quite extensive and was, therefore, divided into two parts.

U A truncated version of the output containing only the normalized

phase function (I P(0) d2 = 1) at the 34 scattering angles was generated for

direct use with LOWTRANSX (see Section 3). The full output file containing

the wavelength, coniplex index of refraction, extinction and scattering

coefficients, normalized phase matrix, and cosines for equal probability

intervals was written in binary form to a disk file. A small separate

program found in Appendix A is required to retrieve this data.

A word of caution is necessary. Some of the early runs of the

Mic code produced incorrect results for some of the data as

* a rer-ult of underdimiesioned arrays. Fortunately the phase matrix

was calculated correctly and this is what these calculations

were for. The other quantities such as attenuation coefficients, albedos,

U and asymmetry parameters have been found previously. Because of computational

costs, these calculations were not repeated. A full discussion of this

problem is given in Appendix A.

2.3 Concluding Remarks

In an eflfort to reduce the size of the phase function data base, re-

searcherUs at AIN;L have recently performed a statistical analysis of tile
S

plvdse c"urction data. While the details of this study have not yet been made

public, ea)rly reports n'dicate that the number of aerosol --spectral models

has b.2ei reduced f rom 594 to about 70. AFCL has also recognized the need
0

for a singl- comp rehenlsive reference describing all aspects of the aerosol

mode I s. Such a I uture report should cont ain refractive indices, attenuat ion

cue ff1ci cuts, albedos, and a ;ymmn try parameters as a function of wavel--gLh,

-•- a o,-with1 size di.rtrihbUtions and normalized phase function•'n fr each o f

t It I &fo SO ns ode I s.

S 12



3. LOWTRAN SINGLE SCATTERING MODEL

This section of the report develops a solar/lunar single scattering model

based on LOWTRAN radiative transfer and outlines the new (LOWTRANSX) code

structure. Subsection 3.2 presents the geometric perspective required to

connect observer and illumination source locations to reference space and

time coordinates on the earth. The code structure and users guide for

LOWTRANSX are given in Appendices B and C, respectively, while Subsection

3.3 discusses an example calculation and independent verifications that

the code functions properly. Finally, Subsection 3.4 contains concluding

remarks and Appendix D contains a note on finding the subsolar point.

3.1 Radiative Transfer

The LOWTRAN code has been constructed to calculate point-to-point

transmittance and observed thermal radiance along a line-of-sight in model

spherical atmospheres made up of homogeneous layers. Refractive bending

is computed and aerosol attenuation (zeroth order scattering and absorption)

is included. Radiative transfer is calculated by way of spectrally

averaged transmittance functions (resolution of about 20 wavenumbers) that

are derived from experimental data and theoretical relationships. this

code is extended here to include the source function due to single scattering

within the atmusphere of the extraterrestrial sources, sun or moon. At

the present time, reflection (scattering) off the earth's surface or other

objects within the atmosphere is not considered. The observed scattering

radiance is obtained by su-mming the properly atteouated scatterilig source

fuuction along any specified Iinc-of-s[ghLt.

13



Before proceeding further, it will be helpful to introduce the following

nomenclature:

SUPERSCRIPTS: A aerosol

M molecular

SUBSCRIPTS: e extinction

a absorption

s scattering

PS primary solar path (sun to scattering point)

OP line-of-sight optical path
(scattering point to observer)

OTHER QUANTITiES:

K monochromatic volumetric extinction, absorption,
or scattering coefficient

-KL
T = e monochromatic transmittance over a homogeneous

path length L, due to extinction absorption, or
scattering

P (y) scattering phase function of included angle y

S UN
I solar extraterrestriai intensity

Note that the dependence of most quantities on the spectral frequency v will

be shownl by a subscrij)t v, although it will sometimes be suppressed for

-simplicity of notation whMen the concept is clear from context.

The mooiochromatic intensity (radiance) seen by an observer looking

aloag a particular directional path is the sum of contributions from all

sources lying along the line-of-sight. The sources are either primary sources

14



(infrared emission) or scattering sources. The scattering source function

J for scattering points along the observer's line-of-sight can be expressed

in terms of the local incoming intensity at each point I (63') by

I6) jl (W+')[P KA + PM KN] d4' (3.1)

where a is the unit vector directed toward the observer and a' (Q') is to

be summed over the solid angle denoted by W'. With only solar/lunar scattering

included, the incident intensity I (Vi') is given by

SUN A+M 6(3, •s')
1V(n) V T e,ps ' (3.2)

where f ' is the direction of the incident solar/lunar radiation at the

5

scattering poinc. A schematic of the scattering geometry for a particular(!
sun/observer orientation is displayed in Figure 3.1. The path that the sun-

light/moonlight takes in passing through the atmosphere prior to being scat-

tered at any scattering point P will be called the 'primary solar' path.

Other sources besides direct extraterrestrial illumination could of course

contribute to the prescattered intensity I (H'). One might include other

direct sources such as gaseous emission and boundary surface radiation plus

previously scattered radiation, but only unscattered sunlight /moonlight is

included ir the present scattering source function. The resulting source

function is found by using [3.2] in [3.1] to obtain

=) ½)(evyP M(\)K•M)l

= 1 SUN T A+ L (y)A + 1 4
\YIj M (3.3)

15



H2' k'•kSUN

H2

H2'

Hi'
scattering point P

H1 i- ----------- - "observer 0

Fig'Lre 3.1 Schematic representation of the single scattering geometry.
A scattering point at I-' is shown for an observer looking
up from altitude Hi. Both the optical paths and layer boundaries,
which are shown to be straight lines, are slightly curved.
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A M M MNote that P , P , K M, and K S vary with altitude (atmospheric density ands s

composition) and are generally slowly varying functions of frequency. Note

also that the included angle y = arccos (fi . i ') would be constant (inde-
S

pendent of the particular scattering point) along a line-of-sight in tluh

absense of refractive bending. Both the primary solar path and the line-

of-sight optical path actually bend somewhat, so that y can be expected to

vary by as much as a few degrees along the line-of-sight. The primary

solar transmittance T A+M depends strongly on the optical path length of
eps

the primary solar path (prior to scattering), so that factor can be expected

to vary considerably from one scattering point to the next.

The monochromatic intensity at the observer due to all of the single

scattering sources within the line-of-sight is obtained by summing over the

optical path the product of the source function and the transmission function

which gives

I)SCAT f J T A+M dL
Ve, op op

SUN f A+M A+M A A pM M)
= S f T T (I)A K + P K ) dL (3.4)

\ e, ps e, op S o01)

The scattering optical depth j.ncrement K dl2 can be expressed in terms ofs op

the incremental transmittance for both aerosol and molecular scattering as

dTK X ddL - s, O (3.5)

s o p TX
S, op

with X being either A or M. The intensity can therefore be written as
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dT A dT M
=SCAT SUN A o ' M (3.6)

IV V e,. ps +op T AT M •

SP OP S, op

which includes two separate integrals covering aerosol and molecular

scattering effects. The above equation which provides for a monochromatic

calculation at any frequency V is now adapted for use with the molecular

band transmission model used in LOWTRAN. The spectrally averaged inten-

sity I is formally defined in terms of a convolution of the spectral in-

tensity with a trizuigular spectral, shape function g(v) taken over a spectral width of

approximately 6V = 20 cmn, that is,

1 , g(v-v') d\)' (3.7)

The spectrally averaged, scattered intensity can be expressed in terms of

known- LO•IRAN quantities provided that only the molecular absorption trans-

mittance is a rapidly varying function of frequency. All other quantities

are assumed to be constant over the spectral interval 6v. The result is

I SCA00 A+ A , dT A dT 1
Sv Te, )ps+op T A T (3.8)

SP op S, op

h A+M
,The qucintit' pS represents the spectrally averaged transmittance that

is calculated in LOWTRAN. Therefore, the molecular band models and aerosol

mode],- of LOWTRAN provide a direct means of calculating the path transmittance

required for each of the scattering points. In order to maintain compatibility

18



with the spherical shell atmosphere of LOWTRAN, the i, tegra! over the path

of scattering sources is replaced by a layer-by-layer sum along the line-of-

sight. For an optical path traversing N layers in an upward or downward

direction this process gfves

N A+M A

SCAT= >SUN Ij<Te, +o j->j AT A
J=l T, op, j

so op

¶3 A+M M
+ ' ps _• +op j -M

+ K<-- f j AT (3.9)
T o up, j

s, op

The quantity A T. is the change in molecular or aerosol scattering transmittanceJ

in passing through layer j and < >. denotes an average value for that layer.

J
The terms AT, T Iop are quantities available within LOWTRAN.

The layer-by-layer sum for the singly scattered solar or lunar intensity

is computed simultaneously with the existing direct thermal radiance. The-.

sum is evaluated starting with the point of lowest altitude along the line-

of-sight and proceeding up through successive lavers. long paths which pass

through a tangent or minimum height are handled with a special set of trans-

S mittances in the same way, again following the radiance calculation already

in LOWTRAN. Equivalent absorber amounts are computed separately for the two

path legs (primary solar and line-of-sight) corresponding to each scat ter.iig

p point by a modified geometry program which is described in the next section.

3.2 Single Scattering eeometry

The existing LOWTRAN geometry tracks a single optical line-of-sight: fromii

19
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ail observer at altLitude III to thle, path endpoint at H2, which call be above

or below the obser~ver. The path can be a short path directed up or down

or a long slant path which passes through a minimum altitude point HMIN,

lower than both HIl and H2. The optical path Will generally be curved by

ret rat'Live bending since the atmospheric inide-x of refraction has a finite

vcrtLie.i gradient. Although curved, the optical path remains in the fixed

vertical. platne Containing thle two path endpoints and passing through the

earthi's cent~er. The refracted optical path can be descLibed in a spherical

coordiniate system in termis of two path variables, usually the altitude and

local zenith angle. The azimuthial ocientat-ion of this vertical plane, which

conitaiins the line--of-sight, must be separately specified or found in each

I'lie new single-scattering geometry involves tracking two optical paths

for each scattering source point. Oine path leg leads from the obser'fer at

Il i to a scal!ttriino pcinit at H1-". along, tl~e line-Of-siglit. Thie Other leg -is

traced 1-1oM tile scattering point toward the sun/moon and ends in space ar

112' (present~lv taken to be 100 kmn). Note that each scattering source point

defines two path legs and, therefore, two vertical planes, like the onie

described above (the new one contains the scattering point and tile point

where the on S11S rays ent~er theo atmosphecre). With rather minor modifications

to t11e exsiggoerjlgorithlm, LOWIPANSK trackIs the altitude and zenith

aug 1 L. of~ bo hi pathl legs for each sc(atter ingý point . 1Lo aiddi tion, thle pathi

e'qitiVA Lent1 :bsorbet.r amouints neededt for transniit tance , thermial radiance, and(

scjLi erod ILad iaI~Ce (7jCjicu itionsý are simul tanieously summed by the same routines.

Aý; idke i om 11we in-plane tracking of each path lo~,it is n0cessary to

de t(o cm1i1iio the anigL wOf inte r:;eC tion of thec two vertical ph anles , whi ch is

alsoth!Zi.jj11tjjhll angie,1 svparatIing, tile projecct ions 01 Clie two path le-gs onto
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the earth's surface. The projection of a path segment onto the earth

forms part of a great circle on the earth, sLnce a vertical plane always

includes the earth center. The projected path segiments for a typical geo-

metrical configuration are shown in Figure 3.2 from aperspective above

the earth's surface looking down. Time relative azimuth angle ill betweenr

the projected path legs at the projected scattering point is calculated in

LOWTRANSX by a new set of geometry subroutines. The metbod of calculation

involves first computing the absolute azimuth anig]e for the observer-to-

subsolar-point projection OS. The absolute line-of-sight azimuth il o

is required as an input to the code, where absolute azimuthj angles are

measured from the local east direction with positive angles indicating north-

of-east in this discussion. The user should note that azimuth.s in the code

input card deck are specified in the clockwise sense frm Porthi, that is,

positivCe cast-of-north. A conversion from one convention to the other occurs

within the code. The reiar ive azimuth angle at th, observer qi,) js cal-

culated next. A transformation which reparanmeterizes the optical path; is

then made to facilitate the calculation of relative azimuthL angles Il) at

each scattering point. This angle allows precise cal cUl]at ion of tihi scat-

toring angle at each point.

The subsolar point and the projected observer position together define

the great circle o(,q) which satisfies the condit Ion

tan 0 = A cos ) + B sin 4 , (3.10)

where 0 and 4 are time standard latitude and longitude angles shown in

Figure 3.3 and A and B are constants to be found Time case where the s~tbsola r

point and observer lie on the same longitude, tati,.. = tan 4`05 is treated
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U ,pS subsolar point

1P S//I

r0 P projected scattering point

projected observer
(00,00)

4I
l'igtire 3.2 1.00king (low11 01 the suatter £ng path. AllI poinits are projeotoed

on the earth and all I Lne ,5egmients arc parts of great circel s.
The reLaItive ý1AMimth can be seen to van, as ono moves the
scattering pojint along OP.
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point on earth

great circle arc

parallel to
equitorial

dsN plane

-dsE

Figure 3.3 Latitude and longitude angles, where O,=0 passes through the
Greenwich time base.
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sepa1raltely since <p is fixed ill tL11is case and 0 (q)) is ildeLetrmiatu. Except

for this special case, A and B arc determined for tle particular great circle

passing through these two points by using the angular surface locations of

the subsolar (0., 4s) and observer (0 , 1 ) points to obtain

tan( S sin(o - tanG0 sin s"
A =(3.11)

coscs sinlO - cos4o sin s

and

tan0° cosq, - tanGS cos4
B (3.12)

costh sintýo - cosq,° sin (

The absolute azimuth mingle us for the plane containing the great circle

segmeint OS can be written as

t~m (Is -1 dttsN-4 (3.13)
a , oS ds, cosO d q

w,,1Were dl/d+ a long• th is pathi is given by

do _ I. cos, - A qitl, (3.1.4)

d[ L Ltan () I

The rcLatious given in (3.13) can be derived from considerations based on

Fii tyor' 3.3. Usingl' the observer point. location, the equations above are

combioed to oh taiin
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A Sit•)o - B coso
tin)an o. -- 02tna, s [I + tanu0t1 costo

0 0

tan0 cos[ - 4o] - tant (

[I + tan20 ] cost sin4" -S o]

The relative azimuth between the line-of-sight OP plane and the OS plane is

then given by

, o = os- Pa, Op . (3.16)

Another useful angle to calculate di.,s the angle A subtended at the earth

center by radial lines from the sun and the observer. Using a dot product

1)etwecen position_ vectors on the unit sphere, it can be Chown that

cosA cost coss cost) cos4o +
0 S 0 0

"+ cost) sin4s cost0 sin4o) 0

"+ sint sint)

S0 0

'rhe two angles qr and A together with the inntlt i-pati alt itid and zeni thi
r , 0

information specify the three, dimensional single scat tetc lg geometry comU Letelv

for any scattering source poinL. However, the ingle ýp betWeeU tI[(.' PS anId 01)r , 1p

planes is yet to be obtained.
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it pLovU'S collveil.;ent to iimake a coordionte transformaLtion so that thi

].ine-ol-sight optical path is more easily parumeterized. In the original

conlib'uration, the longitude and Latitude of each scattering point are

not known and cumbersome to calc:ulate. The transformation used moves the

subsolar point and observer location on the sphere so that the line-of-

sight runs east from an obaervor on the equator at (b.' 0, *' = 0). The

angles qo (short not ation for ip) and A arc left inwvriant by the trans-

formation so that the ccltiVe pOsitio1 of the sun in the sky is the sa'aa

for the observer. No phiy; ical changes or approximations are introduced

thirotighl this traosformantiou. As one- can see from Figure 3,4 by using (3.14)

amd (3, i7) 1cr t he new (oordin:Ates, this t mausoration must satisfy the

0 01 lowixg equations for 0' and "A

tan (' = tan -:in y (3..].)0 S

and

co- A cos U' cos @' (3,19)
0 s

* These conditions, when inverted, pinpoLnt, the latitude 0' and longitude.ps
SS

of the new sUbsolar point in terms of the fixed angles q40 and A Htat ia s

Sta1 (4' -- t..11o A cos 14 (3.20)
O0 0

';ii 03' sin A s jin 4' (3.2])
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- r,Ps
OP Y

- LL'

0 P east along equator(o~o1 to-f_•(0,0) (043

Figure 3,4 Looking down on the traisformed scattering geometry. The
I in.tc-of--sight lies on tbe equator. The sub-solar point at

( s ldhas the same relitti.ve position as in Fig. 3.2.
SS
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A line-of-sight scattering point P now has the new latitude and longitude

coordinates (0' = 0, 4)' = -B), where B is the angle subtended at earth center

by radial lines to P and the observer 0.

It is now possible to compute the relative azimuth angle between two

path legs, that is, between the vertical plane containing PS and the vertical

plane containing UP. The azimuth angle at (0, -ý) for the primary solar path

connecting (0, -B) and (0' , 4)') is given by
sS$

sinAs sin4o ,

tan [ W) (B)] = cosB sin0 - sinB oA (3.22)
p co iA0cosl4' sn cost 0

It Is also necessary to calculate the angle A(B) subtended at the earth

center by radial lines to the sun and the scattering point (0, -B). This

is given by

cos [A()I] = costo cosB - sinuB sinA0 cosWo (3.23)

where in the absence of refractive bending A(ý) would be the zenith angle of

the sun as viewed from the scattering point. In the presence of refraction

/A( can be used as an initial guess for the actual zenith angle, and the

pruwary solar path can be tracked iteratively to correct for refraction and

obtaii the correct zenith angle. The scattering point altitude nil'(B) and

;ljproximlate zenith i angle A(B) are used to specify the starting point of the

pr LitrI ry solar pa;.h l eg froum P to space.

Tlie set ol aug 1 vs which are discussed above is sufficient to track both

legs of each I.-HIljtt'd single scattering paLh. One additional angle, the in-

clIMoCI aug1 for si ug 'Ic scat tering y(B,) is needed for the phase function in
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the scattering source term. That angle is given by

co 'Y = n - (3.24)
ps op 

(

where each path direction vector refers to the local direction at the scat-

tering point. In terms of the two local zenith angles a and 'to at the

scattering point and the relative azimuth between vertical planes q) (W),

the included angle becomes

cos [y ( =)] sina ps sinOP cos [ip (W)] +

+ cosa cosa (3.25)ps op

The scattering angle y and the cumulative absorber and scattering amounts are

computed for each scattering point which contributes to the intensity in the

sum given by [3.9]. LOWTRANSX specifically u.;es as scattering source points

the intersections of the line-of--sight with the model atmosphere layer

boundaries. Equation (3.9) leads to the following expression for the

scattered radiance as it is computed in LOWTRANSX using this set of n single

scattering source points,

n-i

SCAT SUN L , X 1
V i ( N) Fx 1 8, op, i+J

i=X X (A, M)

,so i 1,+s i+ ilS±-- '',i - (3.26)

2, o o , 9, I+9
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The layer average < > has been evaluated using the properties of only tile

two scattering points which bound each layer path segment. The sum is taken

over scattering points labelled by i and this result applies to long slant

paths as we]L as upward and downward trajectories. The observer position

here coincides with i = 1 and the line-of-sight end point is i = n.

3.3 LOWTRANSX Verification

Verification of this newly developed single-scattering code was done

in several .stages. On the most basic level, the individual subroutines

described in Appendix B were driven artificially during the developemental

phase, hand calculations and common sense were used to evaluate intermediate

results, and overall trends for various inputs were checked. Once the routines

were performing correctly, they were linked with each other and LOWTRAN to

form the complete program. Because of the code's overall complexity, veri-

fication becomes a difficult task. Simple cases involving two or three

scattering layers were approximated by hand calculations. This was done for

a number of configurations, and agreement was found in all cases. Unfor-

tunately as the number of scattering layers increases the number of cal-

cIIlitioIIs and the possibility of human error increases to the point that

thin approach become impractical. There are, however, two special cases

tiat cover the entire aimosphere (32 scattering layers) that reduce analyti-

cally to easy soliitions. These occur when the optical-solar path configu-

raitions are such that all scattering path lengths, absorber amounts, and

trai)ismittaaces are equa I . This happens when the observer (on the ground in

bothl ccascs) is lookiung direct.ly at the sun and when th1 obs)e0 rve r is

loking away lfrom the son (q) = 380) with a zenith angle of 450 and the solar
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zenith at 450. Examination of an expanded version of the standard output

file for these cases confirmed that the scattering path lengths, absorber

amounLs, and L-path transmittances were the same. The total scattered

radiance reaching the observer was also equal to that given by hand cal-

culations in each case. While this certainly illustrates the interilal con-

sistency of the code and supports the verfication process, it does not es-

tablish the validity if the code in all. modes of operation.

Further verification involving the entire atmosphere was made through

comparisons with other single scattering codes. The unique band transmission

functions arid aerosol models found in LOWMRAN restricted such comparisons to

other codes having similar data bases. Only one code called SPOT [Rel. 8]

was found to have the necessary characteristics. It was developed by RRA

of Fort Worth, Texas and used LOWTRAN 4 [Ref. 10] for its basic radiative

transfer. Spot is a plane-parallel, single scattering code that calls LOWTRAN

as a black box to find individual path transmittances. Thu L-paLh trans-

mittances that arise in the calculation procedure are approximated as the

product of the transmittances for each leg. This is incorrect since the

LOWTRAN transmission functions do not obey Beer's law. The aerosol models

and phase functions also differ from those found in LOWTIRANSX. Since the

SPOT code was no longer available on the AFGL computer system, comparisons

were limited to existing output. One such comparison is illustrated in

Figures 3.5 and 3.6. Figure 3.5 shows the single scattering radiance and

emission at predicted by LOWTRANSX for an observer at 50 Km looking down at

a zenith of 170'. The solar zenith angle is 600, the relative azimuth angtLe is

10', and a U.S. standard atmosphere with a rural aerosol model is used.

Figure 3.6 shows the single scattering radiance and emission for a similar

run of the SPOT code, i.e observer at 50 Km looking at 170' with a solar zenith
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of 60'. The exact atmospheric and aicroso models for SPOT are nlot knlownl

but they arc similar. Take note that the vertical axes onl these two figulres

have different units and the horizontal axes are scaled differently.

Although com1parison of these two figures indicates s5omie slight differences

in magnitude, they arc well wi~thin the uncertainty of the atmosphere used

in SPOT. Note that the spectral details in the single scattering and em~ission

curves occur at identical wavenumbers in these two figure-s. While this is

not a good comparison for chocking details, it does serve to justify that

the new al-goritain is executing correctly.

A final verification of LOWTRANSX wasi made by using another single-

sca~tteriing code developed under this contract and described in Chapter 4.

Brief ly, thie code is based on a 1A anoe-paral I el , monochromatic, multiple

scattcering code that requires optical depths, albedoes and phiase. functions

for eChII la1yer. Since thle LOWTRAN gaseous transmission functions do no-.t

obey Beer's laW, thIe molecular banid tratismittances were "turned off" for this

comlparisonl. Thbis was, accompl1ished by setting the gaseous transmittances

e-qual i-o one in 'Ahe LOWTFRANSX code. Statements were added to calcu~late and

wr.ite. total optical depthls and albedoes bziaed on the remaining

attenuiatjon miechianismiis. This data was theni used in the simple, plane-parallel

aingloý. Scalttering Co(1o. MultLiple runs- of ,OITFRANSX were made for comparison.

So0c lths10sut areo presented in Table 3.1. The remainder of the

r SU IS tsW il ILJII-hStce5'H)t (1ad d II(SCulS sod ill Sect io114 (Tabl1 s 4.9and A4.1 () wherelmal tip1 e

sýcat! to' ill,, effect s are exaMiniled. 'The numbers shIown arcQ the ratio of the

siu)IlJ scatteri-ng rad~ince predicted by LOWTRANSX to that predicted by the

tiIIg IcL-scat teiilrin codec for I)athI s thail-t arce not ef fected by sphler icalI goomecry

an411,1 Ie fi-action. TEho rat~ios arc in good ove ral11 arreementL and demonstrate

LhaL tile lUWTRANSX code 1.uiict ions p)roperly for these conditions. A discussion
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Table 3.1 Ratio of LOWTRANSX To Single Scattering
Plane-Parallcl for Standard 1962 Atmosphere

at 11 Imn

Topt 9 0.0 j 0.8 azimuthal angle relative t) Lilt- s

(100 Km) -ýd 1.0022 10023 90:

1.0024 goo0

•1.0020 1800

(a)

2 Km g 0.0 0.8

1.0015 -t 1.0014 p

1. 000 , 1. 000

1..0014 900o

4.9962
-1.0015 180.

(b)

Bottom 4 g, 0.0 0.8

- .00W .. 000 00

.9957 900

.9908 1800

(c)

All z7.eiLli angles art, 12.95' d i aL ot i pi 1Col;ag;It ion

g • 4ynmlmetry factor

0.183 (Qsu

w _ 100 Kill

- 2 Kil

Bo t t oln
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Oi the elfects of spherical geometry and refraction, which arc not included

ill the planc-jaialt cL , singlc-scatterinp tcode, i.s presented in Chapter 4

The versatility of the LONTRANSX code leads to further verification

problems. Various input combinations, path types, and unique geometric

sitnations make the list of possible test cases exceedingly large. Briefly,

the following situations are possible and have been addressed in the de-

velopment of the code:

1. Opcical path - up or down, short or long (through a tangent

height)

2. Specification of the observer-solar orientation
(a) 0 , to, 0 '

(b) o , ( , (Liae, day
o o

(c) rx , at observer

3. Unique Geometries

(ai) Arbitrary azimuth

(b) Obucrver aL pole (north or south)

(c) Partially shaded path (end or center)

(d) Long sutill ptlrs

The verif I't i tc t prL i roI (Im hiis been made more diffic uIt by the para•itelo

(leveloplirit ol 1 O\IAN) at AFC], tirol requi.red the Cntltirruous inlLegrattion

ol LIre soing l-'-al ter'irig i igorithrn. In iouic cases this involved orily st.rigW-

forward replacenmentt of code, while others involved changes in coding ogic,

which opens theI po.;:[Ii il it y for the iltLrtodutionl of errors.

E'very itt tunirpe hrat; been imiade to verify the code at each stage of develI openrtIt.

All tire .•iIt ions Iisted above have been veritied individually. Errors

;t:rising as a r-esttIL of a rare conmbination of parameters occuring simultaneously
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arc unlikely, but still possiblec. The user shouldj keep thlis in mwind.

3.4 Concludingý Remarks

The code constructed here (al-so see Appendi.ces) u-sing a' recent LOWTI.RAN

version and called LOWTRANSX is the one delivered to AVCGL. Tile staff atL

AFGt is ini tIIe prIocess o1h (leVel oplo',I a LOWIRAN ver';i.onI (IXMJ4'LRAN6) that willI coil Lainl Ole

present single scattering model along with other mod i.1ficat~ions. Consequentily,

LUWTRANSX will 1not he ava il sIl a t)Ico thei u set- in ti LIic f-1-1 dr 'leser [bed(II here , AIi L ItIough,1 i ts

capability will be. The reader should direct any inq(-uir-ies Concerning

LOWTRANSX to the staf f at AFCL.
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4. MULTI.PLE' SCATTEIRING

The preC-vions.- sect ionl discussed the procedure niecessary to include the

s3ingle scat terinig approximation in a LOWMRAN code [Ref. 1] . The spherical

geLometryL anld U1011-m110100irOmlatic (spectrally averaged) transmission functions

found in LX)WTRAN made s~i1escattering difficult compared to the monnchro-

twitic, p lane-j'arallc ! approach. These dif ficulties become insur-mountable

wilt']llt it ip I c catItc is coniside red . At t his time there is no multiple

scattLering- formulation that can accept spherical geometry and LOWTRANS

transmlission functions. Monte Carlo codes ire available [Refsý. 16 through 181

thati cacienl-ate monochromatic multiple scattering in spherical atmospheres.

SuIch codes iiaxve a repel cition for being coinpuitationally slow (expecnsive).

Se.ve ni monocliromat -ic 1111 ttipie scattLering formIul tious and highly developed

codes are-t available for the p1 ane-paral lel geometry that -are comput-ationally

fas;t [ 1fs-.9 and 201z Unfortunat~ely pn-nrlclcodes predict intensity

fields thait are totally wrong for low Sun angles and long, horizontal ob-

se rvci tion path~s.

To o:verco-(me the present impa!Ss, mel t~ipl e sca~ttering calculations miust

he dove 'I open thadt Will aIiccept spLct ra I 1 averaged rat cltive properties (and

t le c foe, por ra1 i' Ve raZged dil-'ý roer. c ran sis sion f euc tons) such that

iiine res oilcltolici OV reOC it ions,' do not haLve to b)c niade C ovr the highlyft

;t rUo'e I redsp SJCFil 611doail ncauMsed by graseous absorpti.oii and emisslonl. The

shjc .Of how to dccii w4ith th le spectrali aspect a of rod iacit ve tr insf er hcas

ciwI\ cc i)001i an rea'l 01rosL'aciri in the I ikid . Pelc L he most ob1ou 1ad

t't1!-Ojtcit. lixe wiciticit'iiioimoi sol it i ioi to this problemv is to aiverage or model

heW inedlinc'S a speITA'Ii prIole(rtien- beforeL tile rod icitive tranIIsfer eaecuilcItiolliS

"Ire ptt formed1. lii cipiiOAciI Coil.ctlit 1y h~as 1)0011 tiseJlul, h'Ot licis certc~i



unavoidable limita3tions. it is rare that one canl dJetriiiinu (withou)Lt Jp-

proximations) how modeled or lumped phoLons are transported through the

medium. That is, what is the governing equLation? Conisequently the errors

involved are often unknlown and uncontroll able. Furthermore, suchI caI(l el aion~ls

arc limited to predicting specctr;ally avcraged depcndent variables, e.g. , the

intensity. 11) SLImma.Cry this appr)ioach lacks gune ra I L t-y. The othier app~roachl

,-o this spectral problem, and the. one under ri2s-earch ini this section, ex-

ploLts the concept thait ioonoclirom~atic. ladiat iv( transfer C'llC-Ulat-ions over

a highly structured spectral region are redundaint. Therefore, only a re-

lative few monochromatic calculations are necessary to represent. the radiative.

transfer at all points irn the spectral region. The research on this approach

is neither as prodigious: nior coherent. as for the first approach and is as-

sociated withl studies of the absorption or opacity distributLion funCt Loll,

in homlogeneous atmospheres in most cases. Thel( work oil exporien i a I -s um

tittii~g ol the direct trans;mission fune t~ion is al so rela able to this lattLer

approach.

To investigate spectral redundancy, a. inoroclromat ic niul tiol c scatteringý

code is required. Section 4.1 documents such a code [Refs. 5 through 7/ and

20] for general pl ane-parallel media that is comiputa ti nal l- fast . TO

check this coue in a simple 1limit and to compare withi LOWTRANSX, a p)lane-

parallel , sing] e-seatt*Žr jg cole is described jo ,i ect ioa 4.2 thau is coilpat Lb Ic

with the para-ioet tic inputs to the mutiicsa oigcode. Sect ion 4.3

presents singlu ver~sus iinute.i pie scattur rug resu Is to)-fo M aigo ipJVn nt' tees

to shiuw when ;ond by how munch mult i p1c seuat1u r ingý is ilnpo ~r t nt . The bas ic.

!A[tdy of spectral reduadilda 0e or, s flet-ra I deg rtad .1ug (aIve rag i ug) ill mu 1I tip 1(2

seatteeng al culat bum; is dove I oped, in sect ion 4.4 a long wi tli sine t-i a I



0i

resi ts. Finally, sectLorn 4.5 is a discussion of further work that must

be done to allow multiple scattering to be incorporated into codes like

LOWITAN and FASCODE.

4.1 Addicg/Doubl iag, MultLple-Scatterin 2 Code

Thiis multiple-scattering code was originally developed to handle internal,

isotropic radiative soui-L-.es (thermal radiation) for completely general media

and boundary surfaces. Until now, Adding/Doubling (A/D) was used

mostly fur prohleiurs driven only by external , unidirection-al

((son) sources. The formulation supporting the code is available in the openT

literature IRefs. 5 through 7] and the resulting code well documented in

a Ph.1). thesis [Refs. 20]. The reader is assumed to be familiar with these

references because only a brief discussion of the changes made will be

present'ed hero.

Because the present A/D code i-s general, well documented, and can

handle, thermal sources, all of which are of general interest to AFGL, it

makes sense to modify the code to accept unidirectional, external il-

I umination. Thin requires performing a Fourier decomposition (already

inherent in the orfgina] development) of the radiative transfer process.

That: is, each monochromatic run is done for each Fourier component and thc

resltL.t are then recombined (inverse Fourier Tranform) to obtain the in-

tens i ty I i ,_Ids. Note that each run contains all possible sun land observer

alný Is. TO v-eLtlill as much comIputational speed as possible, a Fast Fourier

1r;ins;i-•,n (VET) code was used.

A nilourzl startilug point in ani A/I) computation is to find tile Fourler

coueifiictnts P in thlle cosine Fourlsc exp'i)'nSiioIl ui the plhase function P in
40

mlit form (1)01c that tlit:; rtulpnrt no'es' both• t and n for itl's, op~tical depth)

U
.1

r ) v.Qj(, 11, ii') cosj ( - ,1'), (4.1)

I =
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where P is normalized as

J P dt,' = 411 (4.2)

411

Here h (p = cos0) and ý are the zenith and azimuthal angles, respectively,

and dN' is the differential solid angle. Each P. forms an n x ii array or

matrix, where n is the number of gaussian quadrature, points used in the

system (normally seven in the basic code). The P . is each produce their

own Fourier component for the dependent scattering functions which can be

summed to obtain the final desired quantity. Note that if the radiative flux

is wanted, the zeroth Fourier component is the only one required.

The P. 's in Eq. (!.-I) are found by the FFT routine described in Appendixj

F. Due to the details of how FFT codes work, Fourier analysis (forward) and

Fourier synthesis (inverse) must be done by compatible routines. As dis-

cussed in Appendix F, the externally driven A/D code is made up of three

parts. The first part finds the Fourier coefficients for the given phase

function and passes the results to the radiative trans et: part. After each

Fourier component has been processed through the radiative transfer code,

these results are passed back to an FI. "T code for s, L•'thesis tLI obtain the

radiative VJ.elds thltuglhouLt the ujediurn. The FFT code is ratherl straiglit-

forward, but thCe chan1ges miade to thie exist ing A/I) code will now be described.

The A/D code calculates several sets of diftfuse scattering funct.ions

that rcpresentL inLtensjty fields !-fey CGreents fuonetioi t.ype probLems ol di.-

ferent[ i.O1lo) I(Xi ty . The functions of interest lie re arc syibol i zed as S anld

T t that rupreselnt how an iiitc irn l iuuid;imcn t tal so, u cc. iz3 dil it,; v tla usi, ittcd

to the boundaries. Throught te CCip)u-te,. t y, these fuit cj(P. t ; are di teetL Iv rel at ed

4 1



to the S- and T functions that relate external sources to internal re-
8 s

sponses, the problem that is being solved. These functions of the two

variables p0 (illumination ) and p (response) appear as nxn matrices.

Reciprocity [Ref. 21] says that

]," s

(4.3)
s+ .J +
S -F

where, over a matrix means transpose. For a plane parallel medium with no

boundary surfaces, the dimensionless (divided by driving intensity) diffuse

radiative Lntetnsity I at any optical depth t is given by

+ ' I], S F (p, of, t; pjo, o) (4.4)

art

and

- 1 iF+
i4) (t, T' 4)) 4 'F ( , 4,' t; Po' 0)) (4.5)

wilcLe the S!, and TF+ are Fourier synthesized from SJ- and T The superscripts

+ ;i oii - nif i t len;i it-ir.u du lotes pro pagaLitio il•) and down , respectively. The same super-

sC r pt s ni1 [iii' C ca t t e. I i I 11Ct. ions have L, d i F fercot LLean log that IicL d iu o t heC di jsC S sed

lIri , t,' i'' I. 5 1 ind 20t . TlW..,igl 11s II atl 4' f r1 i o-e Foer thei ob0server whii Il subscript

zc.I-() till tIii.i, deinito .i I -for the iil li uliltiolt.

A.IpI(, di d , ca(l);iI i I.; tiIL' ori0 ,i al user's manuai.t i ii .l Ifor tile A/lI code thim

Wa', duvvCl)I 'd ill I1t'. 2.. 'rl, is plus a coiy ol Sluirii 's tlhesis I cef. 20] wilI

11t1;Iblh1 kint' to uiid l:istalnd thic basic A/I) code. The s, I lc; tC scat Ltring (or reC-

I r1L i h•)ll), t Ii ,v r iic;i I t51(li c ,ii, anti li.i I t; t iIlW I('I (I))1 1011S ill thi,; de Sll arLt' tu.7rn (ed

f in Iloi' iii iti•i d V,' b.iitl by s ttit- ,l , logical. parameters. 'Fury cou[d bl
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reactivated with some modification of control and input functions of the

present code.

4.2 A Plane-Parallel Single Scattering Code

A simple plane-parallel, monochromatic, single scattering computer code

is described in this section. This code is used to study the following items;

(1) The Adding/Doubling multiple scattering code becomes single scattering

in the limit of sufficiently small single scattering albedoes and can therefore

be checked against the present independent and simple code. (2) Within the

limitations imposed by the plane-parallel geometry, one can compare multiple

and single scattering results to find the accuracy of the single scattering

assumption for various parametric values. (3) LOWTRANSX can be verified

by comparisons with the present simple code for appropriately chosen

spectral regions (having no significant line structure) and geometric con-

figurations (with vertical-like solar and observation paths). (4) By using

other path contigurations, the sante comparison will show the effects of

the spherical geometry on single scattering intensities.

The nomenclature used here, which is the same as that used in the

adding/doubling code, is shown in Figure 4.1. In this context the radiative

transfer equation is

dI (J,t) - (,t)(.t
dl (.3 4) = I -- 'O( ' (4.6•)

where 0 and are the zenith and azimuth angi es respectively. The m1onoclhro- _

matic intensity is given by I , the direction cos.i n is li: cos U, and the

vertical optical depth parameter, a; weasured I rOmlt the top surface ond based

on the extinction coefficient, is I. Scactterinr sources arC represented by
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SUN

" I(TO,) _ layer j

Figure 4.1 I' Pnu-paralle-i geometry and nomenclature

it4 4



the source function J defined by

J (0, o)= 1•(6', P,) P(0, 0', 4)-,) dS2' , (4.7)

where co is the single scattering albedo and W' measures solid anigle. The

phase function P is normalized according to

f P(0, 0', 4 - ,)') dQ' = 41T (4.8)

To solve (4.6) for the solar driven problem, it is customary to break

up the radiative intensity into direct and diffuse parts. With the direct
SUN

solar intensity at any point 1 given by (I being the solar intensity0

at the top of the atmosphere)

SUN I SUN -. 1' 0' (4.9)

the source function becomes

I(, Qf ' 4- (,,') dQ'

+ SION C -/ / 0 , P)-4 ) . (4. J,))
0 P0 0 0

where I now represents the diffuse radiative field (as obtained from (4.6)

with boundary conditions of zero incident diffuse intensity) and J. is the

Kroneker delta function. For single scatterit-,g, only the second term on

the right hand side of (4.10) is retained in solving (4.,) and this gives



the downward (-) intensity

I

1 (i (, 0 , ) 1 1 SUN P d e di'
0 47T I 0

0
(4.11)

and upward (+) intensity
"*1

0

+1 (1 L SUN p p e A'd
I+(o, 0, 00, q-o)=%-- 1 Pe"e

(4.12)

where alI values of it and pe are now positive (angles measured from the normal

in thle appropriate hemisphere)

For inhomogeneous atmospheres, which are modelled with an atmosphere

composed of N homogeneous layers, the above expressions can be integrated

analytically. Let I. (j = 1, 2, ... N + 1) denote the optical depth from the

top to a;ly layer boundary ('1, = 0) and ,,. and P . the properties of the layer

which lies below j. Equations (4.6) and (4.7) then take the form

j-l11 'o
SUN- 41 lP-ii[ei i

-e ](4.13)
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for j > 1 and

+ N[ -r. . + -)-

1 N it=11

l 1AI SU 4T 11+1 W i Pi
0 i=j

-e (4.14)

for I - N + 1.

One can get a somewhat more physical understanding of (4.1.3) and (4.14)

by rearranging terms slightly. Let P-(, %5 q') denote backward scattering

upward (+) and forward scattering downward (-) phase functions, that is for

0 less (+) or greater (-) than 90 degrees. Both the upward and downward

intensities contain similar expressions for what might be called the single

layer "discrete source" terms defined by

ISN SUN

i- 0, 1,)= 1 1
0

SIi+l 1 -+i/ (4..

except for the- forward scattering ceas.n 1, t wh ie re

S- (i, t) I =SU e }) '- i+.- 1] (4.16)
0i

* Using these "discrete sources," the complete downward and upward intensities

at level j are

j-i -( i. - ,)1
j-1

6=1.

*4/7 •



and
+N +-(i . - "/u (4.18

1.+ (. j, 1, u 0, 1o, 40 e (4.18)

i=j _

Physically, the sums include contributions from all of the scattering layers,

which iii the case of the downward inLensity I includes all layers above

level j, while all layers below j contribute to I. . The upward single

layer "discrete ;':urce" Si represents all of the singly scattered intensity

at level. i due to scattering in the layer immediately below it. Similarly,

_- i+l iS. 4
i

rej)rtusents the intensity at level i+l due to scattering in the layer just

above this level (the i' ih layer).

Tihe code takes tLie fo.]lowing steps in calculating the single scattering

iitLelsitics at each observer level (layer boundary) for each set of angles:

4

(I) The upward and dowuward "discrete source" terms S are first computed

for the top layer, roi all pairs of zenith quadraLure points and a single

:iziniithI angi,]i.

(2) The coot ribut ion to the intensity at cach level which comes from these

(erms is comptited and added to the total intensity for that level.

(3) This j~rocess is repeated for each successive scattering layer, producing

opwaird ;an1d downward intensi ties for all possible zenith anglies at- all levels.

(4) The cut-ire calculation is repeated for each new azzimuth angle if the

scatteri.nLg Ls mnstotropic.
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This algorithm allows a Completel~y different Pha'se function Lo be specified

for each layer. 'rhe p~habe funct('ionp e~xpressed ill Lerms 01 the quadrature

zenith angles and azjimuth, is computed from the phlase function of the inl-

eluded angle of scattering by ADNGFFT, The Fourier transform is not re-

quired and is therefore bypassed within ADNGFI"T in the case of iingle

scattering (user sets INOFT=l). AllI other code input data are identical in

content and format with that for Adding/Doubling code, and the reader is

referred to Appendix F for these details.

4.3 lutercomparison of Radiative Transfer Results

Since LOWT1PANSX onlly includes single-scattering, it is important to know

how the error produced by this approximation varies parametrically, Unfor-

tunlately, m~ultiple scattering results are nlot iavalilable for refracting zind

spherical atmospheres. To investigate this error question, a comparison is

made between results for single and multiple scattering inl homogeneous, plane-

parallel atmospheres. Such information gives a good deal of insight for the

same problems when the geomnetry is spherical. To Further bridge the con-

ceptual differences betweenl these tw siutoI coprsn ar ad o

sinlgle scattering results from 1,OWTRANSX (spherical1 and ref ract ing atmospheres)

and the plane, parallel formulation)I Of S.c.tionl 4.2: for a real1istic example

The first intercomparison to be discussed Lis thlat between planle-parallell

single and multiple scattering. For simplileity onlY 11omog)enleo-us *model at.-

mlosphieres arc, used. Vihe parameters involved, tiamIel~Y t 0(optical deptLh),

w(single scattering al bedo) , g (paefunction as-ymmietry I -actor) , -1 (posit ion

of observer) , and 4)-q)( (azimuthalI angle between Observer and suit) , a re q i it e

nume-rOus.- The only parameter that is tUner tona 1 Iy well iunde rstLoodi

since order of scat tering expalisions )go asymlpt ut ical Iy ill power-s o I

I ad L aIt vepi amCete are (: L)Ilti I t i i' ioit til it I L piIc



(everythving else held fixed). The affect of the other parameters wili be

found numerically.

The first set of data is for isotropic scattering (g = 0) and con-

sequently t-o is no longer a parameter. The data is presented as a ratio

of multiple scattering over single scattering intensities (ratio is always

greater than one) in 7 x 7 arrays representing combinations of sun and ob-

server zenith angles.* The optical depth and single scattering albedo are

varied as well as the observer location. To understand these results one

should note that the top layers in the atmosphere will have scattering source

functions that are closer (than those in deeper layers) to those predicted

by the single scattering approximation, and as the sun approaches grazing

aonglcs such single scattering type layers will be found only at the very

top of the atmosphere. The overa2 1 view, therefore, is one of scattering

source ftunctions becoming more effected by multiple scattering as one goes

from the top to the bottom of the atmosphere.

With, the above discussion in hand, the data inI TabIe

4.1 1 or = 1.0 and 0.3 makes physical sense. At the top of the atmospere•0

the intensity ratio for 0 = 12.95' decreases from 1.21 to 1.13 as the observero

anLgle varies from 12.95' to 88.540. The improvement is caused by the fact

that. tile scat.te r ilg source function is more single scattering in the top

most layers seen by the wore grazing view angles. Still looking at up ini-

tUns:ities,, the rat to gets 1irger (more multiple scattering) as -t increases,

agai Ibecause these in lnttnsitIit's see source functions deeper in flhe medium.

In al lases, exCept for the top of the atmosphere, the ratios get larger

(wto te that alI ratl(s mgreater- than 10 are printed as 10 ) as the sun angle

goes.L: towards grnzii; g (ILend f Iro left to right on the tables). The [itenIsities

out ol the top a']re Unlti(JLe Sillce the ratios becomle smaller as the sun angle

ASe tIL' Last-PWg' of1 thii ",Lctilen for a list of the angles Used.
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increases, for any observer angle. This must be caesed by the fact that

at grazing sun angles less flux is entering the atmosphere and, therefore,

less backscattering flux from the larger i's is available to cause multi-

ple scattering effects ii the top most portion of the atmosphere. The angle

and T effects discussed above also hold as other parameters are varied.

Table 4.2 is also for i = 1.0 (as is Table 4.1.) but nowt, = 0.6. Since0!
these intensity ratios vary from unity approximately linearly with the single

scattering albedo (for ( < 1), the multiple scattering effects are about doubled

by going from Table 4.1 to Table 4.2. The effect of total optical depth is

not as simple and can be seen by comparing Table 4.1 with Table 4.3, the

latter table is for i = 2.0. This comparison keepsw constant and doubles0

the optical depth. The rat~ios in Table 4.3 are all larger than those of

Table 4.1 and this becomes much more pronounced as both sun and observer

angles increase. Note again the rather unique properties of the intensities

exiting the top. Comparing 4.2 with 4.4,where T goes from 1.0 to 0.5 while

6)remains constant at 0.6, shows that for the smaller view and sun angles

the multiple scattering effect is almost linear in t and would become more
O

so as T decreases further. However, this is not true for the larger view and

sun angles of 82' and 880.

The influence of changing the asymmetry parameter is shown in Tables

through 4.0 WLUL- Ltie cases of Taubus 4.1 through 4.4 are repeated for

g = 0.8 (forward scattering peak). The results are now given for 4-4,° of 0',

90', and 1800. The most important overall effect is that the corresponding

ratios are now larger for forward scattering and, therefore, multiple scat-

tering is stronger. However, this is not true for intensities that view or

depend mostly on only the top of thc medillfIm. "Iheb02 poitioflS fow bOcllic closcr

to the siagle scattering results because the forward scattering reduces the
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backscattLering that leads to less diffuse flux up into the top of the medtiumn

to cause multiple scattering effects. The multiple scattering effects are

slightly larger (larger ratios) for out of plane (ý-o (56f 90' and 1800)0I

viewing than when ý-4o is 0. Also note that the linearity in (0 observed

previously for g = 0 does not hold as well in the present cases for g = 0.8.

However, theory says that as w goes to zero this linear effect must again hold.

To use the plane-parallel multiple over single scattering ratios discussed

above to evaluate the accuracy of the single scattering approximation in

LOWTRANSX, the influence of spherical geometry and refraction must be under-

stood. To accomplish this a comparison has been made between LOWTRANSX and

compariable plane-parallel, single-scattering results. LOWTRANSX was executed

for a vertical path with all gaseous band transmittances set equal to one. It

then returned the layer-by-layer absorption and scattering coefficients for the

remainitig mechanisms, This dat a was then used in the single-scattering, plane--

parallel code and the results compared with runs made by LOWT.RKNSX for specified

observer locations and view angles. The sun angle was also varied, and

tie Heinyey-Greenstein phase function asyMmeLry factors were either 0 (isotropic)

or 0.8. Each run wirh LOWTRANSX is for only one set of sun and observer angles

and ob-server location, while a plane-parallel run produces results for all

sun angles, observer angles, and observer locations. Therefore, these com-

parisons were restricted to a few angle and location choices. Table 4.9 pre-

sents the- ratio of IJOWVRANSX to piane-parallel intensities (both single

scattering) for sun (view) angles of 12.95', 82.57' and 88.54' four g = 0.0 at

thlrL, 1t!ocwitton'; (top, bottom and 2 Km). The first thing to note is that

the vLew ang les of 823 and 88' at the top of. thi atmnosphere represents

tangent pat his fur l.tnbTRANSX -nd the ratios 11-0 extre-m•olY -;mall l. ;i~o-}aaci ll-sulto

are completely erroneous for such cases. However, at 2 Kmi and the bottom the
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upper 2 x 2 part of the arrays show that geometry effects are 10% or

less. In general (keeping away from tangent paths), geometry and

refraction effects are weak until view and or sun angles are greater than

820. The same comparison is repeated in Table 4.10 for g = 0.8 where the

azimuthal angle is now preseut and also shown. The discussion for Table

4.9 also holds here and the only effect of changing the aisymmetry factor

was to increase the ratios slightly (geometry and refraction effects are

slightly stronger for forward scattering aerosols).

The above two comparisons are of general interest in radiative transfer,

but the important conclusion for present purposes is that the plane-parallel

mulLiple versus single scattering study can be used to estimate the accuracy

cf the LOWTRANSX results for sun and view angles of 820 or less as long as

tangent paths are not allowed,

The zenith angles used in Tables 4,1. through 4.10 are fixed by the

Caussian quadrature used in the Adding/Doubling code. For the present

results, seven quadrature angles were used and the angles are as follows:

12.95c

29.450

45.340

60.000

72.720

82. 570

88.540

5:3
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Table 4.1 through 4.8 are ratios of multiple to single scattering intensities
in plane parallel. media for the conditions shown. The solar and observer zenith
angles are 12.950, 29.450 45 340, 60.000, 72.720, 82.57' and 88.54'.-

"I'ABLE 4.1 TOT. 01'. A DuPT = 1 .0 ALBEDO = 0.3 G = 0.0

SIOAR ZENJ'I'li AN•GLE, INREASINC; - , ]

RATIO OF' INTE'NSiTIES UP OL.SERVER TAU = Q.000

3.212;.46 1.2111, 1.20830 2.20249 3.19036 1-16624 1.13334
1.21117 1.20977 1.20669 1.20049 1.18778 1.16308 1.12998
1.20830 1.206t9 1.20316 I.19620 1.18232 1.15654 1.12310
1 .202i4' 1 .20041) ] . 19620 1., 18793 1. 1721V 1.14485 1.1110.
1 1903(. 1.18778 1. 1823Z 1.17220 1.15412 1.12521 1.09121
!.11624 1.16308 125654 -14486 1.12520 1.09588 1.06246

"" 1.13334 1.12998 1.12310 1.11101 1.09120 1.06246 1.03001
o0

'--_

S}AT'10O (iF I.NTLNSI 'OILS DOWN OB2SERVEE TAU = 0.000

17:

0(;.0 0.0 0.0 0.0 0.0 0.0 0.0.2 0 .0 0.0 0.0 0.0 0.0 0.0 0.0
tI)000. 0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0 .0
"" 0.0 0.0 0.0 0.0 0,0 0.0 0.0 ,

00.0 00.0 0.0 0.0
N.¼0.0 0.0 0.0 (I. 0.0

0)

.2490, 1 .25125 1 25654 -.26963 1.31292 1.63736 1000 +4-+-
1 . 24871 1.25081 1 2:15.)' 1 .26835 1 '310h5 1.62781 1000 +++4++

I- .24)2 ' -1.254.14) 1 . 1 t5057( 1 .60 71 100(i +4++
]14'24 1 2477? 1 25 1) 2o 1 4 1.21633 1 S7007 92S. 04468

12.2->;7 >2.-, ' 1 ,2 ,] .';'']t "278.- 1 .50 .. 7"39.3$230tL
1 .....1324 1 .23208 1•2;1n 1. 2 23287 1 24652 1 .40144 4f.0. 2219-2
1 . ' i 2 .2156 4 I 212(}7 1.20: 3 2 1 1 56 1 .29634 186 .51082

PATIl ) I ",I DNOW'1. .S W0R O.P.:S R'.:IN TA ; = (. 50

1 -I- .' 1. 1703,11 1. 16t42.4 7 1 153"55 1 I a e .n1 13 1. 100,{ 1
171 10,-1 1 1 (C431 153 6 1 1 30o5 1 .11442 1 .1 11. "-11 i'04 1 . .154 1 -, 1 5,+1 , "

I 'Jm2 - ' .11 ->11, 1 . I ten It) 1 ]. 197 hl', 1 ] stV"1 }..i ] II .''$ 1 0{J;)1

1 172"{" 1.1 74o}8 I. 677 211"i5 1 14 (4 1 12273 1 12 77'
4 7;.+]t i <" ,: 7.i7 • I 1 ] ~ )' ] l Z • 14(.7ý, 1 ,' •7 ,

.2.....~. << i . 19.'.) 1. 1928s ] 1 ' i.22,4~ 1id'. ; 2t.i-,-
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TABLL 4. 1 (CONT.) 'OT. OPT. DEPTH = 1.0 ALEIIO = 0.3 G = 0.0

I SOLAR ZENITIL ANGLE INCREASING . >

RATIO OF INTENSITIES U1rP OBSERVER TAU = 0.500

1.2644.2 1.27002 1.28377 1.31894 ).44982 3.26738 1000 +-4++
1.26447 1.27003 1.28366 1.21854 1.44829 3..4503 1000 ++++
1 .26458 1.27003 1.28341 1.31764 1.44491 3.19679 1000 ++++
1.26477 1.27000 1.28286 1 .31578 .43814 3.10316 1000o +-*++
1 25502 1.26978 1.28150 1 .3114 1 .42385 2.91902 1000 +4-++
1.26448 1.2f-814 1.27728 1.30130 1.39242 2.56630 1000 +.++
1.25935 1.26153 1.26726 1.28332 1.3.;4778 2,13791 1000 +++4-

RATI ( OF IN-tENSlTFiES DOWN OBSERVER TAU = 0.500

1.20482 1.20273 1.19845 1.19101 1.17962 1.16814 1.15600
1.20547 1.20341 1.191 1.19188 1.18079 1.17016 1.15936

212092 1 02092 1 .20084 1.19384 1 , 18.) 43 1.17483 1.16735
1.210992 1.20807 1 .20431 1.19795 1. 18911 1.18538 1. 18645
1 .21667 1.21317 1.21220 1.20754 1 .20295 1.21443 1.24781
1.23313 1 .23272 1.23223 1 23318 1.24482 '.34559 1.00176
1.25291 1 .25425 1. 2379,8 ).26922 1.31.073 1.8556b 1000 ++4+

RATITO OF INTtENSIT]JES UP' OBiS'RVER TAU = 0. 750

1 .2073 1.26939 1.29104 1.34890 1 .59461 8.22163 1000 +4-4-1-
1.2t083 1 .26949 1.29110 1.34887 1.59412 8.19781 1000 ....
1.2t106 26969 1 .".C124 1 .34881 1 59303 8 14i06 1000 -+++4

"t -34 3270]] 1.29152 1 34357 1.59077 W.:,89 1000 +4+4
o 1 o" 71 .217,; 1 2j 1 1 .3403:; 1 .`8557 7, 791n0 1(1000 -+++4

.. 2)59 1 .27364 1.2371 1 34713 1 .57077 7. 16768 1000 44++
I .271i 1 27858 1.29-575 1.3413) 1 529"3 5.72404 1000 -:+-t+

NA'IOJ Ol IN F"1S1T [ES DOWN OBSriRVElR TAt - 0. 750

1. '2256o ] '.)2 9 1.223.5 ] 22085 i ,) 5 l 1.2] 508 1.1994,
.4 1 + .22 2/.4 ' 0' 1.".247 9 1. 21"226' 1 (13 1.21 , 7 .20 07

.22913 1 b2) 1.22772 1 ":2o54 1 I' L.2:3127 1 .
1-22.>c9'; .. 2"3397 i2 48-7 1 -9" 1 2,89 1. >411
1.24422 1 .241 1,24760 1 235398 1 '7o0 1.34820 1.424Th

]. , ,, .' , , .. 2'7-i87 2 1o8 ] 1 1 .. u. j I U,; i,l.'._T... t, ]. 7..! .2 .% 1.[1,]72. 1.4;6]I' 4 .5,JJ';w 1I.JWi' +4,+-
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TABLE_4.1 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDO - 0.3 G = 0 .0

ISOLAR ZENITIH ANGLE INCREASING

RATIO OF INTENSITIES UP OBSERVER TAU 1.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

RATIO O1F INTENSITIES DOWN OBSERVER TAU 1.000

1.23397 1.23512 1.23761 1.242:34 1.25035 1.25449 1.23530
1.23512 1 23646 :.23936 ..24498 1.25504 1.26288 1.24584

.25761 1.23936 1.24323 3.25096 1.266O] 3.28361 1.27250
].24234 1 .'4498 1.25096 1 .26353 1.29115 1 .33750 1.34595
1,25035 1.25504 1.26601 1.29115 J.35899 1.54708 1.68678
I 25449 I3262,9 .28360 1 33750 .54707 4.05412 15.87399
1.2353U 1 24584 1.27250 1.34595 1.68678 15.87399 1000 ±±+++
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TABLE 4.2 TOT. OPT. DEPTH = 1.0 A-I'EDO = 0.6 G = 0.0

[SOLAR ZENITII ANGLE INCREASING .

RATiO OF INTENSITIES UP OBSEIRVER TAT : 0.000

1.54692 1,5 4"2 1.53512 1.51872 1 .48474 1.41840 1,331961,54324 1.53927 1.53054 1.51305 1.47741 1.40950 1.322701,53512 1.53054 1.52054 1.50087 1.46196 1.39113 1.303781.51872 1 .51305 1 .50087 1.47750 1 .43343 1 .35852 1 .270791.48474 1.47741 1,46196 1.43342 1.38298 1.30442 1.217651.41839 1.409.530 1.39113 .35652 1.30442 1 .22639 1.143521.33196 1.32270 1.30378 1.27079 1.21765 1,14352 1.06594I
RATIO OF INTENSITIES DOWN OBSERIVER TAU = 0.000

0.0 0.0 0.0 0.0 0.0 0.0 0.00.0 0.0 0,0 0.0 0.0 0,0 0.00.0 0 0 0.0 0.0 0.0 O0.0
0.0 0.0 0.0 0.0 0.0 8.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.00.0 0.0 0.0 U.0 0.0 0.0 0.0

RATIO OF 0 NTFNSII'TES UP OlSER.t TAM '[A 0 . 230

1.64987 1.65603 1.67093 1.70771 1.82897 2.73415 1000 ....1.64880 1.65469 1.66901 1.70448 1.82220 2.70590 1000 +4-++1.64637 1.63170 1 .66474 1.69743 1.80767 2.64648 1000 i--4-+-1 .04123 1.64546 1 .b 5603 1.o8341 1.77973 2.53708 1000 ++++
I .12q3- 1 .63144 1 .63729 1 .6548 1 1. 7233 2.34371 000 -1--++++1.60011 ].59866 1.59678 1.59871 ].63288 2.04296 000) +++4-1.55540 1.55098 1 .54261 1.5"31"32 1. 532-9 3 2 7 4())] 482.81714

RAT]IC O]' iNTENSITIES D)OWN OBSERVEI TAI - 0o. 350

I. .23o2) 1 .42781 1.4104 .38011 1 .331o2 1 .2704t 1. 2 344o1 .43o88 1.42842 1 .4110 I ].38078 1 i33h:31) 1 .27 16 1 .2361"31 .43820 1.42972 1.41249 1.38229 1 .3i4J 1.27404 1 242311 .. 40 1 .42D(1] . .41544 1.38%4?7 1.)3781 1 279, 1 2 4541.44747 1.)3923 1.42234 1.39295 1. 3 4 o56 1 29251 1 .28773].4(,01) ].43;-.&% ].44300J 2.415<, >.74o] 1 5;351) I .45123•

].5212 1.3130; 1.50523 1.4845,4 .401S, ] 5497 27 ..0.83
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TABLE 4.2 (CONT.) TOT. OFT. )EI"l'lT 1.0 ALBEDO = 0.6 G = 0.0

[SOLAR IN]I'I ANGLE INCREASING .. .- ' I

RATIO OF INTENSITIES UP OBSERVER T AU 0.500

1.69644 1.712.72 35265 1.85485 2.23588 7.56126 1000 ++++

1.69655 1.71269 1.75228 1.85361 2.23126 7.49381 1000 ++++
1.69677 1.71260 1.75144 1.85087 2,22112 7.34820 1000 +...

1.69712 1.1/32132 1.74963 3.84519 2.20072 7.06560 1000 ...-±

1.69740 1.71121 1.74519 1.83253 2.15766 6.50983 1000 +...

1.69491 1i70548 1.73185 1.80100 2.06281 5.44547 1000 ++..

1.67881 1.68500 1.70119 1.74647 1.92808 4.16254 1000 ++++

RATIO O INTENSITIES DOWN OBSERVER TAU = 0.500

1.52359 1.51752 1.50510 1.48352 1.45039 1.41679 1.38530
1.52538 1.519339 1.50714 1.48591 1.45357 1.42219 1.39417
1. 52938 1.5235)F 1 51172 1 .49130 1.46079 1.43474 1.41528

1.53771 1.53L29 1.52130 1.50266 1.47632 1.46311 1.46594
1 .0,46 1.552021 1 .54321 1.52910 1.51430 1.54161 1.62-959

1.60268 1.60123 1 .59929 1.60080 1.63041 1.89995 3.1.3059
1.65952 1.66316 1.67340 1.70435 1.83374 3.33337 1000 ++++

RATIO 01' INTENS1TII'ES UP OBSERVER TAP = 0.750

1.68836 1.71381 1.7-77'0 1.94651 2.67205 22,54845 1000 +++4.

1.o8884 1.71406 1.77716 1.94642 2.67062 22.47699 1000 ++.+

1 689g47 1 .71462 1 .7775 1 .. 4,2 " 626744 22.31868 1000 ++++
1 .•:(U 1.7157T- 1 .77826 1 (14579 2.6600] 21. 939.) 1f 0( + t+ -
1 .69372 1. 71 34 1 "77910 1.9447:' 2.64557 21.27216 100(0 44+

1.70174 1.72.52_8 1.78405 1.94098 2.60201 10.37981 1000 +++4-
1.71818 1.73840 1.78889 3.92327 2.47813 15.00966 1000 ....

RATIO 0O1 ]NTi.NSIT]JS DO.N OBSERVER PAL_ = 0. 70

i 6351 1 .58130 1 576i8 1.5o965 1.56040 1 55283 1.51 1)-
1 5805. ..84o 1 1 5807 7 1 .57462 ' . 56794 1 .5t)628 I .53038
i .55_7 1.591'90 1 1 5t9 1 I .5563 1.583 29 1,59846 1.57372

6 60721 1 -.0700 1 .(,071 1 1 .60958 1 .t2373 1.6 7o6 1 1 .2o
1.62643 1.63917 1.64616 1.66436 1.72228 1.93116 2.14648
.69035) 1 .7004L+ 1 .725:;: 1 . 7891: "2. 0144o '.71771 10. 74588

1.71333 1 .3 o5 1 .7'1)o] 1 . 8)32 2u 33)17 11 .233 8 1000 +++4
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TABLE 4.2 (CONT,) TOT. OPT. DEPTH 1.0 ALBEI)O= 0.6 = 0.0

ISOLAR ZENITH1 ANGLE INCREASING

RATIO OF INTENSITIES UP OBSERVER TAU - 1.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 oo0.0 o0oo.0 0.0 (0. (o.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 (0.0 0.0

RATIO OF INTENSITIES DOWN OBSERVER TALI = 1.000

1.60855 1.61189 1.61911 1.63291 1.65668 1.67096 1.61977
1.61189 1.61576 1.62418, ].64055 1,67022 1.69524 1.64995
3.61911 1.62418 1 .6353o 1.65782 1.70198 1.75532 1.72651
1.63290 1.64055 1.65762 1.69429 1.77494 1.91225 1.93867
1.65668 1.67022 1.70198 1.77494 1 .97295 2.52762 2.93449
1.67096 1.69524 ].75)"32 1 q1225 2.52761 9.99790 45.22081
I u 1977 1. o499b 1.72t)651 1 .93567 2.93449) 4 .2208t3 1000 +++4
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TABLE 4.3 TOT. O'T. DEPTH = 2.0 ALBEDO = 0.3 G = 0.0

ISOLAR ZEN.ITHI ANGLE INCREASNNG . > ]

RATIO OF INTENSITIES UP OBSERVER TAU = 0.000

1.25644 1.25278 1.24514 1.23153 2.20921 1.17739 1.14159
1.2S277 1,24897 1.2411.0 1.22720 1.20467 1.17284 1.13712
1-24514 1.24110 1.23283 1.21846 1.19563 1.16382 1.12830
1.2313 1 .22720 1.21845 1.20359 1.18054 1 .14892 1 .11377
i.20921 1.20467 1.19563 1.18054 1.15761 1.12649 1.09199
1.17739 1.17284 1.16382 1.14892 1.12649 1.09618 1.06260
1.14158 1.13712 1.12830 1.11377 1.09199 1.06260 1.03005

RATiO 0' 1NTENSITILS DOWN OBSERVER TAU = 0.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0(.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 (.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0 .0 0.0 0.0) 0.0 0.0 0.0
0.0 0. 0 0.0 0.0 0.0 0.0 0.0

RATMi OF INTE.NSITIES UP OBSERVER TAU = 0.500

1.34o76 1.35221 1.36o45 1.406t)5 1.57471 4.08499 1000 ++..
1.34,18 1.3503T 1.36397 1.40271 1.5o576 4.00010 1000 ++++

I34171) 4 t,-42 1 .35876 1 .394o0 1.54769 3.83(087 1000 ++++
1 3. 54(, 1 33908 1 .3492 1 .I8{H035 1.51o97 3.549o] 1000 ++-t-+.)1 32o21 . 333, 1 .35755 1 .46996 3. 1:157 100( +4++

1-30t86 1.30772 1.31149 1.32744 1.41023 2.61103 1000 4-++4-
1 .290o4 12-9035 1.29139 1.30051 1.35752 2.15376 1000 ++..

RAlI' OF} INTENSITIES D)OWN OBSERVER TAU 0.5500

1.22101 1 2171, 1 .2{0)th) 1 19772 1.1821] 2 1o89) 1. 15674
. 2217,, 5 :1 1')1 1 .21042 ] 19>, . 1 83:]) 1 7105 1 1;.6011
.22343 1 21' 9 1 21227 1 0.0. 74 1 1 8o0. 1.11574 ! 1o82

1.22 ,). 1 "223 - 21014 2051] 11 2 0 1 ( 3 1 .] 6o> 1 18742
".23481) i .23147 1 22 00 1.21540 1.20609 ].21572 1 .24929

! *%,4•. Y LI;'.12.: 1.2477,, 1243224 1 12428 ] .24"27 ].80 2

1.2801J 1.27)12_'1 1.2 78.8 1 28,;47 L 3242-0 .1+-i b,( -++
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TABLE 4. 3 (CONT.) TOT. OPT. DEPTH 2.0 ALBEDO = 0. 3 G = 0.0

[SOAR ZENITI! ANOE,- INCREASING . ] -

RATIO OF INTENSITIES U(P OBSERVER TAL' = 1. 000

1.39338 1.41174 1.45533 1 58894 2.3t425 6"; 04080 1000 +++4

1.39509 1,41122 1.45424 1.58605 2.34916 61.58226 1(00() -().-..

1.39442 1.41008 1.45186 1.57985 2.31751 58.58670 1000 {4-++

1.39290 1.40772 1.44718 1.56813 2.25982 5..328) 100()() ++-+

].38953 1.402o7 1.43799 1.54664 2,10008 44.82637 1000 .+4.
1.38173 1.39250 1.42180 1 .51275 2,01737 33.3653.325 1000 ++++
1 37180 1.38062 1.40485 1.48044 1.88814 23.32350 1000 +...

RATIO OF INTEN'S1TIES DOWN OBSERVEt TAU : 1.000

1.27554 1.27334 1.26933 1.26406 1.26039 1.25877 1.23913
1 . 77779 3.27573 1.'27'205 1. 21750 1 .2o558 .26747 1.25001

182,8 1.28100 1.2781o 1.2753; 1.27777 1'.2 2 - 1.27755

1.29289 1.29193 1.29083 1.29218 1,30586 1.34505 1.35364
1 31 5 1. 31443 1.31795 1 .33094 1 38285 1 .5o429 1.7(0874

_ .....4.,15 1. 5 1.36,86 1 .40 780 1 60•,, 4 .22', 1vo. 73 i37

I . 3o50o 1, 727o 1.39406 1 .t031 1 .809o5 17 24490 1000 ++++

RAT(IC OF INTENSITIES I'll OBSI.RVER TAU = .500

I ."40b37 1 .43342 1.50871 1.76818 3.98176 1000 +4-+A- 1000 ..4-.

1.40.061 1. 43358 1 .50867 1 .76730 3,96992 1000 ++++ 1000 ++44+
i.4071" 433q4 1 .50857 1 65:35 -).043V)t 1000 4-4-+4 1000 +4-++

I .4081i. 1 .43454 1 508o33 I 7b124 3.8S919( 100(0 ++4-+ 1000 +4-+4

1.41021 1 .4,io 00 1 . 0704  1 75254 3.7 83 0( 9" .Oi)•7 4 1006 ++4-4

1.41402 1 .43813 1 .5044 1 .73146 3.54821 741.112-5 1000 +4-4-4-

1 .41540 1 4370') 1 .49708 1 .09807 3 .2`32314 1,. 167 7 1000 ++++

-,A'1'A (, OP INTENSITfEES DOWN t1( St;IK\'t:!, TAt = 1.50

41.31551 1.31598. 1.31742 1.] •1:40 l .2."078- 1 . :;28i7o 1. T34,5
1 .. I .,"-],I " 1 1 . ;'.,"41 8

1....2'1951 1 3">(41 ]1..... 1 •.,"291 - "1,3........4 4 1.

1.'32828 1.'23022 1.,:513 1. )47u5 . :37:216 -.o52 1.2 ,4

]1. ,1]' I .]4o ,:o0:' ]. 3h,-7 1 "45"(: 1V. 04 -(1 . T 592
1." -83 1 .38439 1.40)909 1 .4 5 "45 o .8777S
4.40-1 14.428.3- .- 1,omr . n0)o, " -,I1 " 48.1 hu 391 -3,14,

q .•]247 1 .43;;7] 1.4893J0 1. o.'-44 "' .)o:" 2•o ,72('> 1(6'•. i-+-i4
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T'ABI,. 4.3 (C2ONT. ) TOT. WI'T. 1)'"I'll 2 2.0 ALBI-1)O = 0.3 G = 0.0(

I01 OAR< X,.NITIO ANGLE INCREASING ....

RATIO 01' INTLENSITIT.S UP OBSERVER TAU P 2.000

0.0 0.0 (C. 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 0.0 0.0 0.0
0.0 (1. (L, 0.0 0.0 0.0 0.0
o o 3,0 0,o 0.0 0.0 0.0 0.0

0. 0.0 0,0 0.0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 0.0 0.0 0.0

!,ATI. 0,11' INIE-NS I1I1L ) DOW" OBSIE't. 1RVEk TAU = 2.000

1-33711 1.34196 1.35215 1.36968 1.38957 1.38567 1.35665
-4] ] "347-0 1 .:,-073. 1 .38298 ].41 231 1 .4165,) 1.39028

] , ] ,, , ' 1 .•70-2,"" 1 . 4].--," 1.47 ]221 1. 0)179 1.4870n
1 36,8 1.38296 1.41475 1.48777 1.64861 1.81487 1.85118

1.9 ,, 1 1.2!3 1.47221 1-b861 2..'!1293 .74680 6 _

385o7 ] 41t59 .50379 1.81487 4.74679 816.32739 1000 -- 4---
] 1ouj ..3902, 1.74 7oo 1 .5 116 5,985b8 1O00 +--++ 1000 ++-.-.
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TABLE 4.4 TOT. OPT. DEPTH = 0.5 AIIIEDO 0.6 G 0.0

ISOLAR ZENITH ANGLE INCREASING --- ]

RATIO OF INTENSITIES UP OBSEPVFI, TAU = 0.000

1.35 75 1. 35to55 1.35495 1.353155 1 .34140 1.31960 1.2 6,114
1.35o:.4 1.35577 1.35402 1.35030 1.34151 l.313t38 1 .25774
1.55495 1.35402 1 .35193 1 .34753 1.33734 1.30943 1.24837
] .55153 1.35030 1.34754 1.34180 1.32881 ].28586 1.23060
1 -.34340 1.34151 1]337:34 1.'32869 2.31074 1.26881 1.19758
1 .31960 1.31638 1 .30943 .29585 1.26881 1.21493 1.13683
S1.26214 1.25774 1.24837 1.230b8 1.19758 1.13883 1.06491

NAT", 0 OF INTENSITIES DOWN OBSE.RVE'R TMA = 0.000

0.0 0.0 0.0 0 .0 0.0 0.0 0.0
"0.0 0.0 0.0 0.0 0.0 0.0 0.00.( 0. 0.0 0 0 0.0) 0.0( 0.0

0(0 0.0 0.0 Q. 0 0.0 0.0( 0.0
0.0 0.0 0.0 0. 0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
(.- 0.0 1.0 0. 0.0 0.0

RATIO OJ INTENSITIES UP OBSI-,VEN TAI)- 0. 1.25

1.39000 1.39211 1.39689 1.40780 1.438M2 1.59817 21.49704
1.38997 1.39197 ].'39o65 1.40733 1.43757 1.59461 21.19501
I .38976 1.39166 1.39(1(0 1.40627 1 .I 1 .5,8 80 20.14475
1 .38927 1. 3Q99 . 39492 1 .4040o 1. 43041 1 7119 1Q.88,13
I .35794 1 .38')1 1 39205 1 .39893 1 .411) 1 1h33 b .82081;
1.38266 1. 6 I 3o 138215 ..383411 3.391t;o 1 .4o440 12.1)4416 i
1.36096 1.35I890 1.35460 1.34634 33733 1 .345] 5 .721 9 0

NAT II. 01' INTENSITIE.S DOWN OBSENV-Vk TAI. = 0, 125

1.29,r 1.29)333 1.1271, 1.27127 1.2-13. 1 18880 1.13881
]-.2/)) 1.2.)30o8 I. 2 8731 1 27 14: 1 241Th 1.189.4 .. 43 ."

1 ) 99 1 .]29o01 1.26765 1 .2 16L] 1 2 1W•9j I.1-937 '1. I(Oo5
I .32(,,1 1 228o78 ,.28837 0.. ,. .. ] 120 . ] . % 1

1.30221 1 29833 !.29006 1 274Th 1 .2I42 1 19327 1. 14984
].3 1 1."' -1 1.29534 " 5 1 280 014 202 6)8 1 174th

1 .. ,; 7 1 .2," 1 .," 107 1 L2)82. 11 "51. , 7.:; 1 . 501
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II

''AB E., 4 .4 (C(ONT'.) TOT. OPT. 1) E.PT, = .5 ALBEDO = 0. 6 ( = 0.o

.SOLAR ZENITH ANGLE INCREAS1NG . .-

RATIO OF INTENSITIES UP OBSERVER TAU = 0.250

1.39985 1.404.50 1.41545 1.44084 1.51650 2.00947 1000 ++++
1.39996 1.40459 1.41547 1.44076 1.51608 2.00653 1000 ++++1.40020 1.40478 1.41555 1.44059 1.51513 2.00000 1000 +++
1.4006' 1,40,51 1.41571 1.44021 1.51315 1.96661 1000 ++++
1.40177 1.40002 1.41o01 1.43927 1.50858 1.95679 1000 ++++
3.40436 1.40793 1.41633 1,43602 1.49523 1.87819 1000 +++4
1.40530 1.40690 1.41086 1.42085 1.45439 1.69245 451.25439

RATIO O1" 1,E'INTSITIES DOWN OBSER\VER TAU = 0."50

1.33860 1.33579 1.32)77 1.31827 1.29646 1.25882 1.22743
...2 1 33022 1.3187 1 .29 7 11 1 .25985 1,22970

W?3"091 1.33713 1.33123 1.311)9.3 1.29838 1.26217 1-2349q1.34180 1.33911 1.33335 1.32-237 1.30168 1.26716 1.246t6
1 .3Th1 1.54367 1.33828 1,32806 1,30904 1.27943 1.27845
I ob 1 ) ) 1. . 3 283 1.34514 1.3311)8 1 .32203 1.43463
1.39211 1 .30211 .39140 1.39438 1.40649 1.52199 27.15 179

RATTIO ) ]'PN,.iTilES OP OBSERVER TAU 0.37"3

I .3878 7 1.39477 .41 123 1.45027 1.57268 2.57024 1000 ++++
.38790 1 .39485 1 .41129 1 .4030 1 ,57261 2.56905 1000 4+4-4.

I3 ;80- 1 (39 )0s 1 .4114j ].45 3) 1. 57248F) 2.5663) 1000 ++4-4
I 38840 1.39540 1.41177 .45057 1.ý572'20( 2.5t0083 10(0 + i ++S.... . .] . j, •: ,• 4 1 " ]. 1 .4 5 10 6( i . J-ý 7, o 1)u" " 54-7-8-7-1 0 0 '

3 • 2'' .39 89 1 .41474 1 .45222 1.56934 2.50863 10(0 0+++
1 .40422- 1 4110001 1 .42) ot 1 .43611 1. 6563 2.33580 )(000 4±4-4

I-TI (; w' ]N'1'l.:N Sl I)OW\ 0BISERVER "'A. = 0.375

S, I. 3t0) ] . '5% 5 . 3r."o I . "4230 1 .25 1 . 30063
'i 0 " ) ! ' , ; t;I- 1. 5373; t). I I . i4 "734 7, 1 K"7 7t4 1. 30-73

I .3 r ,0 -, .3 S O 7l 1 .3 5 3 3 0 1 .3 4 - ,1 )'o71 i.;,u:1 tS a )' '• 3tmt j ].-53 9 : •09.3 % ,
1 '53773 1.37321 1 37217 1.37051 1. 36904 1 37883 1,42185i 390,fu 1 .39141 1. 303•ot 3 .3902"1 1 .41001 . 503o> I .0362b

. 1.41522 1 4 '4 ' 1.44 7(,0,. 4.1 ,90, ' "' "84
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TABLE 4.4 (CON'T.) TOT. OPT. DEPI't = 0.5 AI,BEIl)O O.o G0C 0.0

ISOLAR ZEN.ITH ANGLE I NCREASING --.- >

RATIO OF 1NTENSITIES UP OBSERVER TAI = 0.500

0.0 0.0 0.0 0'.0 0.0 .. 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
j. O.0 .( 0.9 0.(I .0 ().0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

RATIO 01' INTENSITIES DOWN (IBSE.RVEk-]R TAU = 0.500

1.3b824 1.36883 1.37011 1.3726b 1 .37776 1.38520 1.30282
1.36883 1 .36950 1 .370'7 1.3739] 1 .3799( 1 38989 1.37088
] 5, 011 1.37097 1.37286 1.3>76,,e9 1 38485 1 .40075 1.30005
1 372,6 1 37391 1 .3 766t9 1.38246 1 .39534 1. 4'524 1 .4393

37776 ].3,993 1.38485 1.39534 1..42048 1 .49257 1.58342
1.38520 1.38989 1.40074 1.42504 1.49 256 1 7941, 2.9 1582
13o282 I -.7038 .39005 1 .435... 1 .583,1 2_ 158.: 100(0 ++++
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TABLE, 4. 5 TOT. OPT. I)EPTtI 1 1.0 ALBEDO = 0.3 5 0.8

I SOLAR ZENITIh ANGLE' INCREASING

RATIO OF INTENSITIES UP OBSEIRVER AZIMUTH = 0 A, 0 0.,

1.'Sn877 1.3824) 1.40435 1.42460 1.40998 1.31o07 1.17614
1.38240 1.39to30 1.41731 1.43397 1.41051 1.30700 1.16061
1.40435 1.41731 1.43512 1.44459 1.41001 1.29346 1.14232
1.42'460 1.43397 1.4445' 1.44254 1.39404 1.26768 1.11842
1.4 0996 1.41051 1.41001 1.39404 1.33076 1.21270 1.08089
3.31t-07 1.30700 1.29346 1.26768 1.21270 1.12799 1.05381
1.17b14 1.16061 1.14232 1.11842 1.08689 1.0538k 1.02885

RATIO 0i' INTE.NSITIES DoWN OBSERVER AZ1MU'THI = 0 TAU = 0.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0., 0.0 0.0 0.0 (.0 0. 0

0' 0.O t() 0.0 0.0 0.0 0.0
(0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
(. k, U.. 0.() 0.0 0.0 Q).0 0.0

RAT T1 0 F- I NTENS ITI' ESU' OBSI.ER\VEN AZ1,'IUTH = 90 TAU = 0.000

.368,33 1 38137 1.40347 1.425'27 1.41456 1.32688 1.18899)
1. 361i7 1.39403 1.41543 1.43677 1.42577 1.33676 1.19643
1 40"WV 1.4-43 1.43n05 I 4,10 1.44471 1.354 8 1.20987
S.4:2,: 1 .43c7- 1. 4 -18 1 .47-2, 1 .4ooO 31 . 379o7 1.228d

1 -4. -. 1 4 7" 14447, 1. 4 oO, .46532 .. 3)3,$,2 1.243 -3
S ......... I ,) •,i. .. ,+ , 1 37 6 i~ a , o . 0) 1- i,.-.m,' ,

.1, ~ ~ ~ : .9 )7/t 9()q 117/ 1 .ODO I. )1Df4 1.uIkIt

1 686') 1 1'it,43 1 .20987 1 .22826 1 .24392 1 2.2 04 1 . 13325

V,;'" F' I \DOI' :- (OWN O ,SER." kVE'. AZI n I'l' = 90 TAi r t.)O

kit) (,.0 00.0 ,O 0,0 0.0 o..0
1:.U. 0., U.1 ) 0. u ( ('.0 0.0)
.0 0 D . .,0

".it'.( I'.' i.11 I' .) (N'; •; (

(1.(,,0 0.0 0.0 3.0 0 .0
. .1 t'.t U,. , U UL (' ( . ' ':. 0
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TABLE 4,5 (CONT.) TOT. OPT. I)EPTII = 1.0 A,BEI)() = 0.3 G = 0.8

[SOLAR ZENiTHt ANGLIE INCREASING ..

RATIO OF iNTENSITIES UP OBSERVER AZIMUTH = 180 TAU = 0.000

S.36785 1 .38011 1.40207 1.42462 1.42712 1.33330 1 .19848
1.38011 1.39147 1.41218 1.43480 1.42921 1.34786 1.212o2
1.40207 1.41218 1.43196 1.45350 1.447S5 1.36649 1.22786
1.424S2 1.43480 1.45349 2.47374 ).46774 3.36746 1.24279
1,41712 1.42920 1.44755 1.46773 1.4bobo 1.39602 1.24990
i 33330 1 .34785 1.36640 1 .38743 1.'39o00 1 .34696 1 .21731
1.19848 1.21262 1.22785 1.24278 1.24992 1.21730 1.11973

RATIO OF ] NTEIS1TIES DOWN OEBSERVEIR AZiIMU'TH = 180 TAU = 0.00(0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
(1.0 3.0 0. 0 0.0 0.0 0.0 0.0
(..0 00 0 0.0 (0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.o 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 . 0 0.0 0.0
(.O 0.0 .0 0. o.0( 0.0 0.0 0 .

RATIO OF INTENSITI ES UP OBSERVER AZITII' : 0 TAU 0 . 250

I 4.3295 1 .45716 1 .50113 1 .56170 1 .62470 1 .84575 696.93286
1 .45045 1.47523 1.51813 1 .57297 1 .61736 1.778tM 5 563.28076,

-48207(, 2. ,. I&o.3, . 59150 2. o 41-4 . 79(08 4+24 .4702]
-544 ] ' ]5 40,, 1 7 2) 1 oo7bS 1 IS 1) 1F. 09411 284 12109

] •2;'] ] 5( 7 l• ]. 567li 1 59}1213 1 .5320o9 4 . 7"} a ]t 1 ')4(0.)(1
.... 1.52335 1.32353 1 -4)74 1 .1407 1.32058 .82 1-407

434438 ]43.7 1 .42_-931 ] 30319 1 29036 1 .21(031 42. 08784

,ATIO'I(i 1 NIENSI'ILS 0(1l UISERVER AZ 1Ž11'tH = C' T'At= .)'

1.01304 1 03211 1 .0to934 1 1. l 1)] I 1(0)4 1 1 1) "_9022
2.t)92]2. 1.01459 1 ;03,29 1] .(,50) ] 148;>0; ; .2'.), ) 2C27'.9.-tt'43 1 .01231 1.08181: 1. 04o.0-7 1 2 2'I, ] ),., ] >u '-] ]l• l 

i I. ] ('S55 .2 32,.. 1..11(7 1 .( . 1 (I10 47" . .Cid,4 1 -. n921. 1721Ž; 1. 152.33 1. 11 t773 2] 0oS)]7 1] (J/449.' 1 . ('191,$ 1 ) 1<i!29

2 ~ 2.'

0 •it;L " ] ; -+ : 2 1 ' -4 ] ] • ,; - ! f .- 4 " - 2, .

• - - v , o ] ] I ,J { , l ._ l k < i l " 1 , d l J j I ( ,0 1{ '



II

TABLE, 4.5 (CONT.) TOT. OPT. DEPTH = 1.0 ALBEDO = 0,3 G = 0.8

ISOLAR ZE.N ITI ANGLE INCREAS• N; . - -

RATIO OF INTENSITIES UP OBSERVER AZIMUTH 90 TAU = 0.230

1.45249 1.45613 1.50080 3.56505 1.63917 1.90782 807.93384
1.44929 1.47288 1.51758 3.58292 1.66028 1.94409 853.28931
1,48083 1.50434 1.54q74 1.61654 1.69933 2.01290 934.06079
1.52405 1.54811 1 5.9427 1 .6o489 1i7562? 2.11448 1000 ++++-s
1.55649 1.58148 1 6293 8 1.70464 1 .103? 2.21443 1000 ++4+H

S1. 53080 8 .55516 1.60399 1.6849:3 1.80438 2.21495 930.60815
1.45414 1.47731 1.52350 1.60056 1.71773 2 04965 484.45239

RATIO 01' 1N'iKNSITIES DOWN OBSERVER AZPiMUTH = 90 TAU' 0.250

1.03561 1.06128 1.09020 1.12684 1.18156 1.24795 1.29302
I .00130 J 07758 1.10"22 1.13941 1.19553 1.26186 1.30783
.0904' 1 .1024] 86 1 o4521 1.22304 1.29019 1.33836
12,29 1 .14104 1.1m6o6 1.20728 1 .27002 1.33952 1.39277

.118962 1 20!,.'.1 1.23308 1.27967 .34097 1.41253 1.4,448
I . 28299 1 .29952 1. :21221 8 1 . 38583 1.45347 1.52737 1.72801
1 .39531 1.412 1.45;62 1.52672 1.62756 1.84991 34.18654

RATIP( )] 1W 'I.NS 1 TIES UP OBSERVER AZ bI MUTIf 180 TAM 0 .

1 .43197 1.45479 1.49978 1.56660 1 . 64935 1,95270 699.20972
"I .447 85 1.47011 1.51491 1 .84o0 1 .67812 2.02967 1000 +44+-
I .478198. 1. (0030 1.54580 1 61 1 2 1 . 72023 2 .11878 1000 +4-++

:._"'2"2 ] .3442$ . 9O® 1 1 , 7763' 2.21899 1000 ++-*--
4; "4, 1.t8179 1 ).,29o4 1 7(;6)h, 82817 2 29895 1000 +4---t

S . -354i 1 .36262 1 .o 1180 1 .69178 1 .1547 2 25312 1000 +-+++
1.4102C 1 .4904) 1.5372( 1. ol 140 1 .72138 203991 SI1. 88330

,,"'1' 0 ,1 \JTE\S SITIEI'S )(AN OBSERVEI. AZ/I:ŽUTl - 18 TA16 C 0F At25

I 4'7)t, I .,74i5 1. IOu-9 I.I' ] 2 4 1 .19090 1 . :,.73t •+ 1 .21'.7 z
1 (1..I9 4 t ;, ,•, ) t1I. ]" I,/ 1 1.2.1 4 1 2 Cwt 1 u -'..

I1.100 8Ž 1 I Pfr- 1. _12u 1.8.> 1 04(1 j.t ") 6 n h
O ; 6hr. .1o723 I .2 1. . ' i 4 . 1 '->7

1.2(04) 1"23'1.55 1. 2990() 1 .34'36) . 40 1) 30 1 4 700o
t 11 293,2 l ;: ! . ') 1 4021(' 1 .4.',1 41 . o 91•4 ', " ].,:;1 ''¾ 1. V-..* , i 3940; 1.6,2<.-,* ) •.4Ui)- 44:• ,,r)(, 4'
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TABLE 4.5 (CONT,) TOT. 0Pi . DEI'Ti|T = 1.0 ALIBIEDO = 0.3 G 0.8

IS-OLAR ZENIT11 ANGLE INCNE(ASING . , ]

RATiO OF INTENSITIES !:F 0BSEI.IRVER AZIMUTH = TAU) = 0.500

1.4?2-,-7 .50..36 1.5654] 1.o5993 1.8190+ 3,18484 1000 4-4-++

].49113 1.52376 1 .829, 1.66925 1.79798 2.92530 1000 ++++
1.52719 ý.56018 1.61633 1.69008 1.78265 2.ej4622 1000 ++..,

1.58297 1.01487 .b6421 1.71807 1 .760o0) 2.34106 1000 ++++
].6,.681 i.6717o 1.70782 1.72978 1.6(637 2.00254 1000 ++++
1 .67149 ).68484 1.69492 1.671,323 1. 57354 1.66878 1000 +++4-
1.62713 1.62729 1.61957 1.56531 1.43425 1.45179 1000 ++++

RA Y 0 00I.•,'NSITIES DOWN OBSERVE'hR A.UTHI = C TAtU = 0.500

1.02633 1.06314 1.13997 1.21796 1.31492 1.43194 1.48897
1.06..14 1.9 2944 1 .07311- 1. 1 28664 .+2 024 1.49594
1. 4006 1 .07220 1 .03t5 1.0 1.22383 1.)8624 1.49809
1.21882 1. 16998 1.09273 1.05148 1.1249)8 130380 1.45029
1.32084 1.29018 1.22542 1.12542 i.08316 1.17955 1.32379
1.46165 1.44243 1.40279 1.3115 1.18237 1.16721 1.33911
I . 5&.+65 1. 7tW92 1 .5302 I .49t00 o "550-29 1 .;•- 4 1000

RAT]O 0 t0" 1' 'I'N SITIES tTP WISERVE , A,7i,"1.'11 90 TAU = 0. 500

1.47213 1.'30389 1.56o34 1 .b671: I .UY9 3..161 1000 ++++-

1 .4'023 1 .52229 1.5855i 1 689'34 1.87926 3. ,4493 1000 ++++4
2 t,20 1 8 881 1.624'2 1 .72322 1 .(402-16 -. 7342 1000 +4-+-

6 2 276 "1 o 1709 1 .(8592 1 .804o4 2 .3)5" 4 . I ?D22 1000 -4++-4

I .(149b8 I o,867" 1.7t117 1.89253 . .o47t 4 .oB I)k 1000 +.-.

I. n,2 82 1 .7212, 1 . 0101 1 9 .59h 2.2"585 ( I7639? !1(8 , +43-+
.(-43'01 1 68151 1 .70107 1 . 9444 o. th 4. 1 i 22 100() +44-I-l

R/AT] C' 01' INTI.:'1 SI'TIl.,S l0)W,\ U BSERVEIE Ak I h';l'i 9.' T) TAI = 0.50()

4A1.07-1'/ 1 . 12420 1. 131 17 ] . 2479o> 1.3:3910 1 .~44(,5.) 1. 4941ob

.1 1?.1]t, 42(004 .2,0o] 1 2o40(4 1.4729:; ].

1,l";13€,4 27 422 12,7, 1 1 . 1492 1 .412 " ..
1 '4 ] o.12 - 5 662' 1 3 t '7, ! 4% " ., f.t . 02 1 ,

1. 33) 1.37315 1.42315 1... 3 0) 1 7o1838 1. 80217 1 .(46,2o
7 5 137) .70 . o4I-. t I ()()1 4 +.

1 ] . 8Tl-, 17148,h 1 .)514.1 ". I lI;')4 2.. 1 ;6 1(1• +4+++

09
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TABLE 4.5 (CONT.) TOT. OPT. DEPTI[ = 1.0 ALBEDO 0.3 G 0.6

ISOLAR ZENITH ANGLE INCREASING .

RATIO 01" INTENSiTIEmIS UP OBSERVER AZIMUTH = 10 mL- U. .5;-C

1.47173 1.50291 1.56637 1. 67192 1.86936 :3.60532 1000 ++++
1.48901 1.52020 2.58495 1.69734 1.91998 3.91206 1000 ... 4-
1.52448 1.55537 1.62289 1.74313 1.99196 4.27342 1.000 ++++
1 .58111 3.61310 1.08432 1 .81461 2.09461 4.70392 1000 +4++
1.4988 1.68586 1.76248 1.90515 2._22020 5.12912 1000 ++±+
1.68664 1.72761 1.83007 1.96176 2.29313 5.15985 1000 +4-++_
1.65244 1.69485 1.77693 1.92353 2.22638 4.50857 1000 +.+.

RATIO OF INT''NSI'TI' ES DOWN OBSERVER AZJIUTli = 180 TAU = 0.500

1.09471 1.15002 1.20042 1.26408 1.35296 1,45613 1.49571
I. 15005 1. 1892 1. 23398 1 .29715 1 .38566 1.48,762 1.52343
1.20075- 1 .23442 12 S8.5 1 .344609 1.43698 1.54371 1.58412
1.26o10 .29991 1.34763 1.41052 1.51582 1.64119 1.70178
1.36312 1.39865 1.45220 1.53022 1.61861 1.79949 1.95243

1.4)746 1 536 1. b,0063 1.70.65 1.8_g 1 2.6467 3. ,258 .

1. o-'., 1 .05527 1 .73358 17110 ";.15978 3.85289 1000 ++++-I

RAT] OF I. INTF:NSIT ES UP OBSERVER AZ]IUIJTH = 0 TAU = (.750

1.48528 1 52222 1.59396 1.71373 ".97905 6.51300 1000 4-4-4-4-
1.50193 1 .53899 1 o "08 14 1.71682 1 .93829 5.70869 1000 4-++-+.
1 .-. ,5 S . -7339 1 .6'0(t1, .73" 5W- 90)58, -4 !4.88796 1000 +4-+ _
].5941'5) 1 t-, I t) .91 7 1.70421 ] 87434 4. 0-99 1000 +++4

] .t,79321 . 712, 1 17 1 . 8000t, 1 .81n72 2.24477 . 000I () ++(4-I
1.76204 1 78582 1 807(6,0 1.79177 1 .71376 2.52394 1000 +44-.4-
] .778;8 1 .78655 1 .7834'+ 1.7,19(8 1 .57383 2.03428 1000 +++4

I.:'ATIo 0F T.I TII.i I:5 )O,\ O \I * N%;wvI J, A/ ,.It T'I' 0 TAO = 0. 750

) 039 1 04 44 t ýO I I .21 ',, . :1 2 41 7 4-1 4 7( 4 1 .624 3 1 ) '1080(
II It E, 15 044,,- 1.0 1 12 64 t"-. 1 "o--o I a 7 7
2. 111' 1.:•b 1 ].)77 1 3364-. 1. 5tit~ o ] i i.

1 " : " 2 •, L 1. 14t -4 1 ,.4 ]~h,7r 1 4 9 o ,;!:
1 ..'- t~a ] .4s:o9 1. 111;787 ]1.1,719 1.124•09 1 "2997 1 ,35072

76-

3.;L 1.22 7.72 1.28.. 7 14603o

I~~~ý (7. 758i 1702 t5o .474 .8 1034 lOO.: ~4444
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TABLE 4.5 (CONT.) TOT. OPT. DEPTH 1.0 ALBY.DO 0.5 G 0.8

[SOLAR ZENITH ANGLE INCREASING ---- >

RATIO OF INTENSITIES UP OBSERVER AZIUTI- 90 TAU 0.750

1.48521 1.52228 1.59667 1 .72561 2.02509 7_.!5993 100 C, +
1.50163 1.53921 1.61497 1.74861 2.06525 7.64123) ',000 4--++
1.53563 1.57423 1.65351 1.79563 2.14491 8. 130I 10-00 +-i-
1.59438 1.63551 1 .72027 1.. 67833 L.281 P. 9.71070 1000 +++
1.68156 1.72706 1.8214o 2.00277 2,49103 11.58723 1000 ++++
1.77270 1.82282 1.93026 2.149345 2.72(614 13.36678 100( -44-+

1.79631 1.65008 1.96439 2.18881 2.79028 12.53097 1000 +.+.

RATIO OF INTENSITIES DOWN OBSERVER AZElUTI 1 90 TAh; 0.750

1.1098.5 1.19003 1.27730 1.3761.5 1.50522 1.64892 1.67779
I .19005 1,24003 1.31198 1.41001 1. 54'M0 1.63254 1 .722355
1.27746 1 .31215 1.37646 1.4752, I .o1784 1.78507 1.82177
1,37733 1.41135 1.47730 1.58232 1.74629 1.96136 2.01768
1.51207 1.55069 1.62671 1.75521 1,93436 2.33790 2.54480
1.68058 1.72711 1.82502 2.00826 2 ,3a568 4. "t739 10. 07781
1.77600 1.82927 1-94 2 1'3'9 2. It22) 10.55 12) 1000 ++++

RATIO OF INTENSITJES UP OBSERVER AZIMIIUTH 180 TAt' = 0.750

1.48505 1.52196 1.59829 1.73431 2.06137 7.86334 1000 ++4-+
1 .50094 1 .53855 1 .61772 1.76474 2.13589 6.88495 1000 ++++
]t 53454 1 .572.30 1.663 1.5164") 23807 10. 13985 100)) -++-
1. 592 1 . 0267 1. 7-'27 1 .9(1041 38790 11 .77456 1000 ++++
1.t5109 1 "-.7o0 I .82I0 2.02737 2. o0h5 1.".8581 100 ±( +4+
]1.72/30 1 .82/31 .94066 2. 17238 2 8.3;27 159.56407 1000) +444+
"1 .80379 1 so330 1 .98380( 2.2231? 2.88347 14.. 10')06 101 4++4

RA'I O I '\.NS]3i vS DOWN OBSERVER, x A lt'1UTF1= 18(W TAt 0.750

1.14469 1.22998 1.30632 1 .39943 1 .72a4 I.t3 13 . ttIW)180
S1.]230(0] 1.;25 -94 .. ))b48 .l,47-, 1. 72t( 1 .70982 1.7277D

1 03(.o7b 1.358o1 i 42109 1.31-35 1 .5193 1".035o 1 .2832
4(0105 1 .4491) 1 . 52()00 1.t 1405 1.778 7 .'18421 2.ýO
S323.o 1 5.8335 1 . 60469 1. 70uo3 1.9o174 2 . O 2 3 613

1 0'J4') 1., -;3 ! 5:;42 2.04132. 2.41)0' -q..41 1] ', 1 1.07'44
1 7 7T 17.64707 1 -94353 2. 4.-3'- 2 8t4tJ ] . s:i:' lt} 4-+±
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TABiLE 4.5 (C(ONT.) TOT. MIT'. DEPTH 1.0 ALBEDO 0.3 G = 0.8

iSOlIAR ZENTINIi ANGILE INCREASING - ' -

RATIO OF INTENSITIES UP OBSERVER AZIIUTII 0 TAU = 1.000

G0.0 0. 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 G0.0 0.0 0 0 0,(0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0. 0 0.0 0.0 0.0 0.0 0.0 0.0

']i'I1O Of INTENSIT1IES DOWN OBSERVER AZiMUTH 0 TA = 1.000.

1.05387 1.13013 1.29128 1.45121 1.63418 1.81334 1.84177
S1.1301" 0.0024 1.063 1.35032 1 58125 1.79647 1.85077
1.9128 3. ]30o'i 1 074711 1.IF :; ]" 1.45361 1.73900 1 1 4845
1.45121 1.35032 1.18933 1.10423 1.25128 1.58107 1.76131
1.63418 1 .58125 1.453b1 1.25128 1.16845 1.37277 1 .59282
1.81334 1.79647 1.730901 1.58107 1.37277 1.65568 3.09888
1.8417o 1 .8G77 1 .84844. 1i.7v13o 1 59282 3.09888 1000 ++++

RATIO ("1' PT",NSI'I1,1 ES UI' OBSERVER AZIMI1 T -TH 90 TAU = 1 .000

0.0 0. 0 0.0 0.0 0.0 0.0 0 0
0.0 0. (" 0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0 0. 0

1( 01' (0. (.1.0 0.0 0. 0 0. 0
(010 00 (.0 0.0 0.1 0.0 0.0

0. 0 0.0 0 .0 0.0 0.0 0.0 0.0

N<A'i t •)0 ( 1NAN\551S TI -S 0 •,N O ES'R'VIIR A.],I.'II:'Fli 90 TAI. = 1.000

1. 31, ; 1.2819, ].378>, 1. 51"'.4. 1.66082 i.8;4709 1.83817
.1>1.8•'. I] ;27>7 1 .8inrm, 1.3-,897 1 .715413 1 .'1020 3.92207)

is;;" I -+£2c. . 314t, I .:4 wt 1.,,2-7 .. 04 ,2 2. 0f27'1
1. i.t,', . )Th"'J I .,q9ti-, 1] 7t 77)', . .01'4O w2t 2.33(}0-"4' 2" .30454<' ,

1 , 082 I 2 734 '3 1 S 4207 2" .03403 21, 38069 i. 1 D65 7 3. 39183
* 5. 8 7, 1 . (2111.>' :'.2)478] 2.f33(004 0'.1(2.58 10. :8308 3w.4773'
1 .8 5 11 122> lOo2_."'>2 -- .7
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TABLE 4.5 (CONT. ) TOT. OPT. DFPTH 1- .0 ALBEDO = 0. 3 G = 0.8

[SOLAR ZENITH ANGLE J\CREASING ---- >

RATIO OF INTENSITIES UiP OBSERVER AZI MUTH = 180 TAU = 1.000

0.0 0.0 0.0 0.0 o0. 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0,0 0.0 0.0 0.0 0.0 0() 0.0
0.0 0.0 0.0 0.0 0.0 ( 0.0 00
0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 00 0.0 0.0

RATIO OF INTENSITIE:S DOWN OBSERVER AZIMUTH 180 TAL = 1.000

1.19672 1.31429 1.41931 1.54378 1.70599 1.86177 1.86618
1.31428 1 .39700 1 .48752 1 .60942 1,7748 1.93655 1.93416

.,41931 1.4S750 1.37475 1,70(352 1.8) 012 2 08313 2. 08395
1.5,4378 1.60941 1.70362 1.83961 2.08400 2-38088 2.41395
1.70599 1.77419 1.89009 2.08402 2.41086 3.20768 3.56681
1.86177 1 .93656 2.0313 "2.38076 ').273 11497 42.71~~ ...... '.- .'.. ..,0 2 4 2 . 7-, 6"1, ,
1 .8o18 1.93D,13 208397 2.4139] .Soo9t) 42. 7/76 1000 +±++
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TABLE 4.6 TOT. OPT. DIPTI = 1.0 ALBE'DO = 0.6 G = 0.8

[SOlAR ,'INNITII ANGL1E INCREAS ING -- -- -

RATIO OF INTENSITIES UP OBSERVER AZI7MUTH = 0 TAU = 0.000

2.04127 2.09175 2.17422 2.25155 2.20131 1.88806 1.48245
2.09175 2.14250 2.21995 2.28017 2.19307 1.84723 1.42989
2.17422 2.21995 2.28279 2.31086 2.17658 1.79035 1.36937
2.25135 2.280)8 2.3108c 2.28856 2.10033 1.69428 1.2Q404
2.20131 2.19307 ".17659 2.100,33 1.87474 1.52192 1.20363
]88806 1.84723 1.79035 1.69427 1.52191 1.29535 1.11917
1.48245 1.42989 1.36937 1.29403 1.20363 1.11918 1.06118

RATIO OF INTEINSITIES DOWN OBSERVER AZIMUTH = 0 TAU =- 0.000

oo 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0 0.0 (1.0 0.0 0.0 0.0
,. (1.0 0.0 0.0 0 .0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0. 0
0,0 0 .0 0.0 (.0 0.0 0.0 0.0
0.0 G. 00.0 0.0 0.0 0,0 0.0

RATIO OY IN'IENSIT II12 UP0 O.SERVER AZIMUTH! = 90 TA. = 0.000

".03()' 2.08906 2l. 17352 2.25945 2.22679 1 .93299 1.52730
2 03U•Oo 2.13786 2. 169 2.30788 2.27419 1.97178 1.55384

"173":2 "2.221") ",A 30S4 2.39140 2.2>08 . 04314 1.60173
' " %if) , "' " , ý1{ q " 'il ,¢ 0 ". /,>¢. I w) •.4 1 17 1" r1Y... 2 . . . ......... ........... ... . ..2 .11 ., I . 3e,3 ,7

.724•74_ 2:741' 2.', 2.-4927 2.4,3) 2"173;84 1.69914
..932 7 1 .717 2d.04314 2. 1 59, 2. 7383 2.00507 1 . 6n42"2

I .52-3l0 ]1. 5384 1 .o0173 1,6o367 1.69913 1.60423 1.32128

N]. 0 l I\!T.PN ITI.S 0 HOW, (BSERVEk AZ L>UI'II 90 TAI = 0. 00o

tU ('.0 u .'0. 0 0.0 o.0 0.0
((.( (' ' ).10 (.0 Ow U t'
ot, (- .. ' . 0 o.00.0 ' .0

, ,"0 . 0 (, () ' .G.

0.0 (.0 ()t) 0.0! 0 0.01 00

, l u'.: ' 0 O' . ('-(} ( 0,07
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TABLE 4.o (CONT.) TOT. OP'. DEPITH = 1. 0 Ah.BI2I){ = 0b. G = 0.8

ISOLAR ZENiTH ANGLE INCREASING- >

RATiO OF INTENSITIE•S UP OBSERVER AZ1NUN1TI 180 TAU = 0.000

2.03852 2-.08545 2.1.7049 2.2620_' 2. 2428o 1.96208 1.56126

2.08545 2.13075 2.21444 2.30978 2.30110 2.02497 1.61403

2.17049 2.21444 2.29913 2.39626 2.38881 2.10596 1.67425

2.26201 2.(3097 8 2. 3925 2 .4('441 2,g48644 2.19340 1 .301o
2.2+285 2.30111 2 .:'880 2.48644 2,48830 2.2143o 1. 73891
1.96208 2.02407 2.10594 2.19340 2.21441 2.01178 1.59792
1356127 1.61463 1.67425 1.73024 1.73896 1.59756 1.20567

RATIO O INTENSITIEIS DOWN OBSE';RVERI'l AZIMNUTIl 180 TAO L 0.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 C.0 0.0

0.o) 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.o 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0. 0. .0.0 0.0 0.0

RATPI 01' INTENSIT]ES UP1' 01,SEARVE.R AZ! >11T 0 TAU = 0 , 250

2.20061 2.28363 2.43626 2. 64 909 2.87585 3.70832 1000 ++++
2.26344 2.34835 2.49649 2.b8602 2.84174 3 45265 1000 4-++-

2 . 37812 2 .4t,4o 2.5743 2. 4., 2.81174 31'),)48 1009 +++4..,

".5077 2.0023t 2. 7[)(3'; ' 78-]7 272() 2.7)3'92 1000 +++÷±+
",2.,C74r. '2 .rt• .lm ) 2.•7092'.7 ". ,0'35 1 2'47'1)9 ". "0)'()( 54" .498U';'').l•l

9 1. '7 1902; '. 0729 1 'o 4.258

2.20143 2. 15058 2.10145) 1 ()o72'( 1.70671 1.50710 112.67081

RA'i'IO OP JN.'TENSITIFS DOWN TA;SLVER AZ],'i'l ( TAI =- o0._2, 5o

oI ().'l054 1 .0o4 1 1 .- 4597 1.24127 1 .38" 101 1 5501') 10 1 o8 5
I.O<1 . ..2)7-0 1 07517 1.187195 1 .,5377 ]1 7 . n ,

t n. 72 1 .0)74"4 1.771 1.2 5217 1 1.7091 0' 1

1 30', 1)r
1.405)10 1.ý 345617 .s'5 14 11415_7 951 1.2117 1 1

M
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"TAB[.E 4.6 (CONT.) TOT. OPT. DEPTH = 1 .0 ALIBEIEO( 0.6 GC 0.8

SOLA ZENITH ANGLE INCREASING

RATIo OF INTENSITIES UP OBSERVER AZ1IMUTH 90 TAU = 0.2530

""19915 2.28074 2.Z,3719 2.66621 2.93842 3,95534 1000 +...
2.26015 2.34305 2.50235 2.73926 3.02821 4.11894 1000 ++++
2.37594 2.46134 2.62822 2.87874 3.19813 4.43419 1000 ++++
2.53.5393 ) 2.o".2702: 2.80455 3.08080 3.4478:; 4.90092 2000 ++-+
2.65107 2.74835 2.93820 3.24105 3.67218 5.31704 1000 ++++
2.5408"0 2.o3354 2.82115 3.13346 3.59047 5.16674 1000 +++..
"2.261W,) 2.34370 2.50891 2.78492 3.19521 4.35255 1000 ++++

RATIO (7" IN'TENSIT1(1.1;S DOWN OBSERVER AZIMUTHI = 90 TAU = 0.250

2.07308 1.12786 1.19372 1.28401 1.42398 1.59008 1.69752
2*1 Q2 1 .16446 1.223,)98 1.31680 1.46236 1 .62928 1.73889

S. ...1-2238 2, , .38461 1.354026 1 .71080 1.825o3
I.289>.7, 1.32:345 1.39168 1.50717 1.67964 1.85777 1.985141.4377,,0 1.000 .384-98 1.72448+ 1.90631 2. 09094 2 .26968

3.729-4 1.78255 1.88807 2.06037 2.27195 2.47891 3.06:45

.(}2• 2. 139253 2.281635 "579o 5 852,2 2.570b3 112.33289

RAITI]O 1 'I'ENSIT! ES UI' OBSERVER AZI."I1"I' = 180 TAU = 0 . 2-0

2.10747 2.27680 2.43516 2.67555 2.98286 4.13771 1000 ±+++
"5.2551 2 .33487 2..49647 2.75357 3.10976 4.47467 1000 +±++
2.71" 2.45(88 2 2.6-'1, 2 89879 3.30261 4.89700 1000 -++4+
• ,. I, (. : .'Z '. ,8061" 3.10 ; 3.1 -17 4 -.7. 39908 1000 -4-++4

". I -2 4." .• 2. Ff{,8)h, .2 J)-t, 3.7 , .)n s.771)o Il{]l}{ +A-t+
2I . ) t 7,9 77 o 0 44

2.5 o93 ".h,532 2.8,723 3.21090 3.70183 5.44336 1000 +-1-++
"2_.30}328 :3.41 165i(' 2.594.,17 2.8730q 3.27408 4,437Q] 1000 +4-

NAOl 4 95 18.85(318 180N OBSENIVEt;1 AZI11"11"I 150 TAt. - .230

I o tt 1 . :Bit- 1.21',:, 1 . ( i11 7 1 .. •4 221 1. ,067'i 1 71)317

1."1 ,; . J£oU- 1.Th8;7 - 7.iuo.O 1.317> 1 .t-,0I ; .I ]7 4.5
7 mo 44 ? j oo-( 1 7ot 4. 7e 1 ..S2W-4

P I1.-i1 14 7 7 . n7p ,- oms . I Q6;t- i
.442') 1. 3u)o . 1n. 8l13 1.80727 1 .9.5177 2 10:;59 2. 2541]

.7',<- . ->7"H 2.t78;:j 2. W, T.D7 "2 32-?;71 2 w-+ '', .t()cj-.]
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TABLE 4. o (CONT,) TOT. OPT. D)EI'Til 1.0 ALBEDO = 0.6 G = (.8

t ISOLAýR ZEINITh ANGLE' INCRE-ASIN(;

RATIO 01: INTENSITIES UP O1SERVERV AZ IItTIt 0 TAU 0.500

2.29294 2.40049 2.60845 9 .442"29 3 .54015 V,. 19)48 1000 +4-4
2.35883 2.46860 2.67110 2.97417 3.45844 7.937b5 100(J ++++
2.48756 2.59861 2.79045 3.04720 3.39b15 6. 8472-3 1000 ++4-+

o t 8840 . 7155; 2 9.585 3. 1:38 14 3 .30032 5-. o4•349 1000 44+4
"9 .13772 2.987(] 3.09493 3.14892 3.0417o 4.932 1()00() 44+-+
"2.98040 3,00197 3.00775 2.(0074 2.59113 3. 01524 1000 .+4-
2,79380 2.7b636 2.71037 2.51702 2.13478 2.24945 1000 ++.+

RAl' 0. OF I N'.NS IT'I' S I)OWN WiSERVEI A I MFli'l 0 TAI' = 0.500

1.05435 1.13243 1.30341 j.49615 1.75941 2,09161 2.25928
3.13245 1.06107 1. 15513 1 .37595 1.67515 2,04535 .. 41

.30376 1 .15 f20 1. 07o73t I .2006o 1.51.329 1.9465h 2--.255
1.49993 1.37750 1.20103 1.11088 1.28030 1.72246 2.11328
1,78609 1.69129 1.52060 1.28232 1.18705 1.42054 1,78927
2.21848 2. 14003 2. 00849 1 .75386 1 .43149 ].40308 1 .87354

';,o.J0o 5 ".I :i 7 ')' "0 5¢', b' 8 I", I.... .....03 __ :...5 1_v .88341 1.33511 1000 +±++

RATIO 01' !NT'fS I T]Es tA (MSER\.ER AZFIS PT I 90 "l'AtA = o. W0

2.29181 2.39870 2 613330 2.97285 3.65747 9.96792 1000 +4-++

2"35o18 2.4o573 2.68655 3.06274 3.79489 10.51i372 1000 +-44
"2.485b8 2o 90065 2.8363 "1 .24406 ,'o.0 ) 11.;21)5 1)007( 44±+

"o.9)259 2h 1697 .07877 5455 0 .. 2O4 8i 13, 8395 1 0)'( 4++-+
-.. : 7 ... -) 1 I (M G"' •7• •' 5 )7~ ,4•" 19<t, - o1,•) .1 ) 7 . . ] l.(1 ++-4+

3.0)3 )01 3. 11)(03,2 3.31126 4.1144-2 5.4t8 1 .); 1 )0(1 44-4+

2.86993 31))595 3.32365 3. 8•0637 5.10371) 14.18124 1000 +•4--4-

,A'IOF 1,i'I TENSiT' ES 1)08N ()B5SI,;RVF, AZ I11;11 z 90 TAt, W.00

i 1508o 1 .2 oo 7 1 .4 L226 1 . 57807 1 .83500 '. 1813, 2., Io30
1 ,,14 'i. +44r 1 .4 IIt. ] o. ,o 1t, 4 1 ). 1)1 .1 3"8,1, ..
S ,,1 31'.... .1 .I.41'2"1t 1.5. 791t 1.7711 2U CJc'2')3 .. .2(_ 0-> 5*l-)'4

13~~~~ ioi) 411;'221 I.'1 . .. .3 2, 11339 .' 1". 78" ' ". 9 I 1 () 0, 44

>71( <-. ".b ',7i ;3. 11,80-7 :,,t~ , -.. 711) 1 2! . ' 1 00)(' t+-
4
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TABid 4., (C(INT.') TOT. 011. 11 EI'T 1 .0 ALBEDO = 0.6 G 0.8

[SOlA Z.ENNI I ANGLE I NCREAI SING ..... -

RATIO (10' N'IETNS 1TI ES UP OBSERVER AZIMUTIH 180 TAU = 0500

2.29044 2.39372 1.o1437 2,99312 3.74615 10.74912 1000 .+++

"2 32:33 2.45941 2.68715 3.09881 3.96578 2. 17384 1000 ++++4

2.48088 2. S130 2.83677 3.29304 4.29671 14,01805 1000 ...4±

o2.0911 .;122 3.0 (8548 :.600t)07 4.7 282 lo.43787 1000 .+..

'.94451 3. 09258 3.40578 4.00879 5 41 1 72 18.98248 1000 +++44

3. 06730 2.24263 3.58916 4.24268 .5.73121 19.15028 1000 +++4-
"2.91887 3.09719 3.43257 4.04199 5.34765 IS.51361 1000 +4-+4-

RATIO 01' I-.TENS lE'l D)OWN OBSERVER AZIM>1UTH = 180 TAL z 0.500

1.2004o 1,32643 1.45270 1.62627 1.88154 2.18209 2.29919
1 . .'4 4)-4 1.5441 1.72668 1.98948 2.29125 2.39693
4 . .7•81 t . r) 1 .87672 2. 16113 2.48452 2.60401

S3505 1 . 73907 1 .89023 2. 10445 -.4 3988 2. 83220 3.01790

2.77 2.50..., 2.33583 2.51338 2.861 37 :3 .4ob0 3.97112
"2.:16210 2. ,11 5o 2.75283 3. 124455 3,75137 5 63h82 10.70322

2.7(28,) .. 9.o8" 2. 247(o 5.80207 4.91960 12. 21088 1000 +--"r

NA!'11) ('1 I- TE.SITIES P' ()BSM{'ERVE AZI M.T1 = 0 TMA; = 0.'3,;0

2.307]8 2.42806 2 o688 3,006954 4.0'-576 22.71381 1000 +++4
2.. 5 2.48e2e• 2.7 1842 3.099"22; 3.94177 9. 38222 1000 ++++4-

""4838 . .o044 6 ,,1"757 ..1663 7; .2100 16, 06749 1(100 44+4

""2S( :., ";2 . 011 2 3 .2 ,3,' 3. 70081 12 173545 1000 4-±-

3. U l..', ".0 %t 146.o49 4 3.)175 -i 3 47889 9.:392 0 1 091. 4--,

3.27 5' 3.37,5, 3 38-34 3.31167 3.09296 6. 39704 1000 +++±

332 3. 8 3 031 2.60790 4 .3011 1000 +4++

]AR 'I\ t )i IN'ENSIIT ;I<Vi.I-K AZI8LIIi = T 'A( 0.750

0
1....l;:t ]::ost, I .278% I 78845 "'.2014"2 ,J:o " 2..8538'1

.3 ) "1, " ].1l'54 .23 1 .4182%: .59317•)] " 2.)rL"t), 1. ,", it .. {•858 .

"I. ''10', ;.5 ,._ 1 , l:,>' ] "/l5 J ..4',oi- 1.:1 .-¼r "., ,W '_
" ' Z.OsS 11535 1.43810 1].2'()044 1(7257 2. ]8o4n

.y&122"~ ~~~~ 21)0 2 I 213' ~ '4t0 1 .83(1,:72-

[2 ,•((('' ).. I•teAl{ a. Or{;{l:t) ~ ', 7''lode - . ''') .-(J'6 ' ) Ut(,I'3'' ]lii{ n±. - •"

73o .1 (,6- . I .
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TABLE 4.6 (CONT.') TOT. 01T. 1)111Th = 1 .0 AIBEIDO = 0. 6 G = 0.8

[SOLAR ZENITHl ANGLEE iNGJRNEASING -- -: ]

RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 90 TAU = 0.750

2. 30092 2.42869 2.67936 3. 1 3oo5 4.28019 2`.98068 1000 ++++
"2.36381 2.48889 2.74789 3.22762 4.45463 27.92700( 1000 +++*
"2.48316 2.61511 2.89340 3,41872 4.81199 31.98566 1090 -- I-1
"2.9.348 2 .84018 3. 11.oY .7t342 5 .45035 3 3,s 1000 ++±t
3.00930 3.18137 3.34987 4,29o51 u.4o029 50.28783 1000 4++±
3.33304 3.53"249 3.97275 4.89194 7.58933 60.97853 1000 ++++
3.40060 3.61473 4.08448 5.05426 7.82464 56.12442 1000 +±±.

RlATIO 01' INTENSiTILS DOWN OBSEIRVEIR AZ/1IL'Tll = 90 'PAU = 0.750

1.23453 1.41910 1.63980 1.91990 2.32022 2.79399 2.90578
S419 ] 3 1.54308 1 .3552 2.02291 "-2.44602 2,9499 3,07074
t)4 .640) 1.73628 1.9.310 2. 2 2 5 - 3 29035 34 3592

1.92529 2.02923 2.23944 2.59873 3.17848 3.9 71 18 4.20436
2.35249 2.48312 2.75021 3.22621 4.01989 5.54360 o.42849
"2.935'2 3.10937 '3.48431 4.21604 5.81502 14. 07995 40.93022
3.3079o 3,51 t)t :j.97 : .1 4 ,)o5() 7.45059 4,.9 3 7 9t; 100,) + 1

RATIO OF INNTENSITFIE'S UP OBSERVER AZ] NI TIT = 180 TAU = 0. 750

"2.30639 2.42800 2.68620 3.17021 4.42572 28.o3690 1000 ++++
2.36176 2.48739 2.75•973 3.29247 4.74354 3:3.48718 1000 ++++

6.4802 2 61130 2.9)0800 3.506b6 .2078,4 39. 9(r4';7 1000 -1+++
01) 144 ". 8)o38 1., 7087 [ .8o831 5 9 3:33 1 , 4') .2,4 4 , 100(1 ++++

31 SO, . 19 10' .5&',729 •.475 7 Os:;s, ) •z .2•32: 1000 +++±
3.33 3.5735( 4.05717 5.08150 8.24531 73. n'3420 1000 4 1±4-
3 .41317 3 .7023 0 4.21814 5.28718 8 .4391% 6ý .80807 1000 ++++

RATI (TI INTFIXS1 TI S DIOWN ()BSI"KRVEk AMI 1T'l = ],S0 At I o.750

1 .321W% 1 741 1 47 1 .15421 2.:31)-147 2.843o0 2. i ()I
.51517 1 o t( 1 ,Ot'3(U-- 2 339% " (-,77u 0.2398, "1 121"I. ?225c 1.357078 2. (742o 2. :113., 2 r'. 23r,, % :..',)9(1 .,'It•-

2. 0(:n-'7 2lr'.1432- '.4o•50' 2.7oW1• 3;.35)2' 4. 12952 .;_-,
- .4)127 2 . 62010 2. 9258(6 3 .422"5 4 . 19037 5 . 18 ? 74 o .81,38

40)2" 6.-" ,,'' >.SoP1 41 4. 4 .142(1(1 ,. 107' - w
3o_) 3 .n & •. >30• 3. i.'•.'* , .', ] 51 . s•.;: 1'L ' --- +-7

7 (



"TABLE 4.6 (CONT. j TOT. OPT. DEI17111 1 -.0 ALBI:O = 0.6 G 0.8

ISOAE ZE'NNITI ANGLE INCREASING . . ]

RATIO OF. INTENSITIEIS UP OBSEVI;R AZIMUTt 0 TAU 1.000

0.0 0.0 0. (J .0 0.0 0., 0.0
0.0 0.0 0,0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 (0.0 0. (1 0.0 0.0 0.( 0.
0.0 0.0 G(1 0.0 0. O.0 0.0
0. 0 0.0 0.0 0.0 0.0 0.0 0.0
0,0 0.0 0.0 0.0 0,0 0.0 0.0

RATIO (3 i. INTNSI'11T I)()W.\ OIBSELRV.R AZI."'TIi = T'AU - 1.000

1.114ol 1.28517 1.67417 2.12295 2.71467 3.36470 3.50010
1"..1 1, ...... 3,87 ] 83858 2.52368 3.2620 49699

I . 74] 7 .133<7 1 1. iol5" I .43t6o 2. 143`58 3. (14928 3.45073
2.12294 1,83858 1.43o65 1.23758 1.61162 2.55821 3.15216
2.71467 2.52368 2.14358 1.61162 1.41227 1.99421 2.o9258

i1616 1o7 1.~'2 4.29Ž 1.32 2.942 ..P~ o
3 ... 'i o l , 4 7 3 .0 4 8 4, 17 3 .10 7 6. ti23 9  .. 49 h, 1 u: O + - i t

RATI ( 01' ITh]S ?I'I EIS UlP OBSERVER AliNUVII 90 "AtM 1.000

0.t) ()) 0.0 0.0 00 0.0 0.0
01) (1.0 0.0 (O O O. 0.0 0.0

0.9 O.0 0.} 0.0 0.0 0.P 0.0
0.0 (V (1.i 9 ( (1.O (1.0 (1 0 (

(I.. G.0 000 0,0 0.0 0.0
(1. (.( (0. 0.(, 0.0 0 0.0

(\'1 I I' i; ',"FINS 1 FII Il ),•,. 0IS'.VV I A I 'fIll - 0 "1W -= . )

S., :2.,; 1 .380 1.1>)tT ',31u3'l ",S 3 .. ... Ii W) T01t3
1 . ' ;• , • . 7)-, 71 2 . T t'. , ( 3" . , ... "t' 9 , ', .) .5 4 ( 9 3 . 7 u 3i 1 ' , : :..; , a 3 ; - -

1 ,,5 ,, " "" .... .1131:, Ir ,. .(,%4: "1 r, 04 7r, 3•.-3.40 -3
""-1 l(1 374 ,77 4 .27031 5 .80:111 9. 1 )9.. 1 0.rl1 40 ,5

• . ", •< >b , . . :" ., • , , 4 .. 42 11 . .. 7 4 is t, ] 0. t, Sl 3'( ] , :;5 . t,~ - • ( ' t ' • * '

80



TABLE 4.6 (CONT.) TOT. OPT. DETii = 1.0 AIBEI)O 0.-6 G = 0.8

[SOLAR ZENIT 1I ANGLE INCREASIN(G . >

RATIO OF INTENSITIES UI OBSERVER AZI>17T11 180 'PAl) :TA 1.000

0.0 0.0 0.0 0.0 0.0 0.0 0
0.0 0.0 0.0 0.0 0. 0[ 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0 0.0
0.0 0.0 o.0 0.0.0() 0i.{3 (3.0
0,0 0.0 0. 00.00000.
0.0 0.0 0.0 0.0 0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

O.UAT F (F I' ' I '' ES DOWN OBSE;IRVERIý A.;:oIUnI'Ji I FO TA, = .00)

.'43812 1 .73191 2 030135 2.42637 2 9947) 3. 59219 3.63'14
1.3319(3 Q'~ 9.,9 ?.2•4n62 2'.96003 "3.2u599 3 91097 3)32
"'.030, 2 24636 2".4t4) 3.0174-+ .7341, 4 .3-8,2_ .7440
2 4 o37 ,2.60002 3.01744 3.57382 4.)(3I9o0 5 87496 o.06440

b9472 3 o2 o00 3.73414 4 .5t934 t,. o732 9.91749 11.71533
.. 3 .. 92) 19 3.910 7 ,,21S . 7493 .)31757 52 "01"1 22 .3754t)

.t9u* 3.4321; 4.Li-39 t,. 0044 1 1 .71 - . "221 . 7 ;0 1000() 4-+-



TABLE 4, 7 FOT. OPT, 1)LPTII = 2.0 ALIBEDO = 0.3 G = 0.8

0 ,SAIAk ZFN[II ANGLE 1N(IIEASIN ; - ]

hATlO 1' INi'1:NSITHIUi8 U] QO 1SE'RVEI, AZ]I 1I'Th = 0 TA1W b QuO

. 1367.:: 3:-.5 1 .] 5"599 .50959 1 .44567 .32435 2.17958

152 1 .52d;4 1.52951 1 .51004 1.44041 1.31296 1.16284
1.5,599 152951 1.52820 1.50485 1.43173 1.29696 1.14345
* 50958 ."-10,4 1.30(l,8; 1 .47891 1.40564 .26909 1.11879

1 44507 1. 44041 2.43173 1 .40564 1.33377 1.21295 1.08694
.5243; I .3106. 1 .29696 1 26909 1.21295 1.12800 1.05382

1.17956 1.)0284 1.14345 1.11878 1.08694 1.05381 1.02885

]1 I 1 2 -25'i'IlI:ES IVEýN OBSERVi:E AZIMUTH!Iw 0 TAU = 0.000

t)( tJ0 o)( .t0 t). Q 00.00k0.0P0 0 0,0 0.0 0.0 0.0 0.0

01.0 0> 00 0.0 000. 0 0.0EN •V,. 00.0 0 .0 (0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 (o. 0.0 0 .0

0.9) 0.0 0.0 0,0 0.0 0.0 0.0
O.t) O,o 0.6 0. ( 0.0 0.0 0.0

t'!']) 0 01' !XI'ST SITIFIS UiP CBSEI VEIR AZ7I>1.1I'l = 9) TAt (1. 000

"1. t8l 1 .:7283 1.52729 1 3.513.. 1. 4521)) ] 33o67 1.19330
6. 1.5,9 1.52099 1 542213 1 .34609 1 .20058

I. ,_[' . ,S/lL_ 1.,55<;.4 1 .5284'1 1 .47u]• 2.36)399 1.21-,rh
1. 1("_' 1 i>.t-'< '.528<41 1.5",7(] 1.48793 138;52'( 1..;Ž0

. ',- .,, >7 91'7 7'., 1 .33847 1.2 4...

1 . '( ,-.t ° ] AtO-,( 1 "i G), , 1 .3"852..1( ] Jc l.39 8 1. .., ]3541u£ "..22*- 'S7

I. 1('0 1 2(0(58 1 2351) I .1'23071 1 .4476 1. 22o: 1 .133:1

h.X? [n, t) '.l1 2.8; III , ES "]I,%N hl":I(S i.IVVOI A~.\ZYLl"Ii = ws( 'I'A! -- , 00 ."

LiC 0

u . (I 0. u (0,( (Q . 0.0

I 1,, i ) (; ( .I .1, ;. {

1)t.'1t 0.0 ) ) 0 .0 (LU .'C 1

S I- Ir ,t { ~ j ( , ( . r



TABLE 4.7 (CONT .) TOT. OPT. DE1AhI'T| 2 ..0 AJUEOD( = 0.3 G 0. 8

ISOLAR ZENJ]T' ANGLE 1 N"'"ASJN(

RATIO OF INTENSITIES UP OBSERVER AZTHU'1' = 180 TAAU = 0.000

1.51682 1.52260 1.52766 1.51513 1.43767 1.34438 1.20360
1.52260 1.52836 1.55327 1.52265 1.46971 1.35968 1.21832
1.52766 1.53327 1.53938 1.,31o0 1.48387 1.37745 1.23327

!31313 1. 522"o5 1.53160 1.3)029 1.4936 1.3.513 1.24655
S.4376 1.40970 1 .48387 1.493b0 1.47772 1 .39893 1.25121
1 .34438 1 .35')967 3,37745 1 .39513 1. 39891 1 .34744 1.21750
1.20360 1.21833 1.23327 1.24654 1.25124 1.21749 1.,11981

1ATI'IO (OF 1,NFENSITI.ES DOWN O0S].;IVER AZI'IIUTI = 180 T'I = . 0000

. 0 ,0 (0.0 (,.0 0.0 0.0 0.0
4 05.Q 0.0) 0. t;.0 (. D. 0

0.) 0.0 0.0 0.0 0.0 0.0 O,(j
0.0 0.0 0. 0.0 0.0 0.0
().0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0,0 0.0

0.(' 0. () P 0.0 .0 0.0 0.(

I<A'ho 0("* ] NTENSITI;, tUP' OBSEl EIR\i. AZ1Ht11'll 1) TAV' k'. 0

1.73770 1I 7o,)04 162341 8.895,C) 2._2113 3.7' 14" 1,00 +C+-

1.74347 j 78399) 1. 83300 1 .69u45 1 63!8 3.31,1024 1000 ++4t4-

.. ,0)4, -; 
1  

, , I '00ý ++4+

8 7'., 122. 1 , 1. 88•,?; 1,8582 1 .-67o 100 ++4-+

l ,17 1 .o.979 1.152 4 1 .t);97o 17 1 4,75" 1.. . •, 1()(0I +4-.II

CA I (T I X ,:'F. -, , i i:ii 1)tW\ N)PS,'RVC,\ t, RI l'I'' TAt 0.5 )1 ,

1 , ']I . bu0), 1 1 14000 ] ,1', ) 1 . :' 1 .1482(9 1i ( .1 46')o
4', .' . ' ',4 73"21 i . ,;. ,, ".4'' "s 1.4 1'97

4'. I. )•;L

, . ' , .,
.1 1.;7 1.;>÷ - 1 5, 4 :/u 9 • . 3 ,' ."~ • (({ U+



TA1B,' 4.7 (CONT.) TOT. OPT. DEPTH - 2.0 ALBEDO= 0.3 = 0.8

ISOlAt '/.EN I11) ANGLE INCREASING ..... ]

AATI"0 OF 0INTE'NSITIES U1' O3SERVER AZIMUTII 90 TAU = 0.500

.,8,2] ].77047 1 .8273 1 .91054 2,06594 4.05373 1000 ++++
-,7354') 1.78762 1.84659 1.93163 2.09721 4.17977 ]000 +-++
1.783]3 1.81577 1.87690 1.96770 2.15189 4.40592 1000 +..+

I .,070( 1 .841521 1. 0064 2 .0029 2.22417 4.70224 1000 ++++
1.79500 1 83'33 1.90604 2.02781 2.28461 4.92335 1000 ....
1 .73602 1 .77495 1 .0.5436 ] .99499 2.28389 4.83225 1000 ++.+
I.06373 1 .70270 1. 7220 1.92349 2.20931 4.32585 1000 +++4

iRA'liO ()l IN'I'ENS1TIT'S I)OWN OBSE1V-R AZIUNUT)) 90 TAU = 0.500

S.072i5 1 . ,121430 1.1 5143 1.24637 1 .33951 1.44894 1 .49Z22
1243 1. l2r0,}( I . . 15 " ..362 :_I I .47o04 1.523B0

II 207ý7 1 . 1.2471), 1.15,I 7h 1 .4129. "" 1 .53216 1 55595
I 2I5047 1 273A48 1. 31808 1.38881 1 49579 1.63268 1. 7022o
I 3.' 1: 1 .37,09 1 .42628 1 .S079: 1 .61988 1 .80263 1 .94862

4 4,11hi4 . 52215 1 58".61 1.08894 1 85235 2.2847t 3.55303
.utI C, I . 5:j 17 1.7", 21)5 1I.8o41o ".12721 3.7 884 100() +--4-+

R:'A TIO 1' I TI'.IN 1'-' ) E PS Pl' SBS-R:RVI-R AZI\I.UTI) = 180 "lkt 0.500

I .738'7 8 7712" 1 .5321 1 9"193 2 10121 4.32133 100 +++-

1.75-') 1. 7,;97o 1 . 53:4,7 3 . 2'')] 2,16470 4. 71o60 1000 +-4.+
764- 1 .,189J 1 .05t,02 ] .'49w 1 . 23,23 3 1-1')3 1' 4

s10 "4491 1 'm t.. "' .1''] 1 "5 Th44 . 57. 8j; 1 (00 ++-L4

S744;1 1.,04 1. 75 Q OI"."'k"22.02)35 3/4127 5.•257(,8 1000 +4-4+

I- .7 {' 0 1 89)79 ] 9 4 q "24470 4 . '224 100( 4-+4-4

.. "', .7 0..",, 7 1 ..'O , O I Ad. I'lL- 1. J4 '-i 1 9. 1, -
tiIl ••};. 1. {" 4I1-3 7 '3 2' 1 . *1'1 ] 1.8C)O32 i 1-',;!.

• ,t<< " 1 ., 7' ,;. 1 - . 5, . 4 P ''1 - _. ~ ' - .;.,~'4, ' 1'y.:) 71



I

TABLEj, 4. 7 (CONT]. ) TOT. OIPT. DEPTH =2 . 0 AIA;LD0' 0.) 1 0.8

[SOAR ZENITH ANGLE INCREASING ..... '

RATIO OF INTENSITIES UP OBSERVER AZ.MUil 0 TAU = 1,000

1.90842 1 W96458 2.0745o 2.21349 2.f367. 37.3958- 1000) 44-+-.-
1 .93352 1 .98t440 2.0.5,, 2. 0 6,•32 30.02631 1 (WO -f-++
1.97983 2.02829 2.11454 2..4515 2.f5o 0 211 7:35 9 10 0 4"+-'-1-
2.04001 2L',10:; 2.140Uh 2.20:,2859 2.4"2W? 15.,831) jO 1000-i--
2.08143 2. 10770 2.1,+72 2. 1705- 2 24392 9.b>07 1000 . +-I +
2 03884 2. 07137 2.07681 2.034 ;3 1 .97182 5.77702 1000 +4-+.
2 2.00432 2.00263 1.98611 1.89652 1.74841 2.86343 1000 .++ 4-.4

RAT]IO ii 'ITE.SI.EI3 S )DOWN OBSEI-RVER A/ I YIVTIl 1 0 'T'A -- 1 .000

1.05388 1. 13021 1.29167 1.45224 1 . 6r3_S45 1 .813P,81 .I :4208
3.1,02 2 ].) 51)1.1707'4 1.35080 ".'.5 20,- ].'' t 1.8-. 02

1.29183 1.15077 1 .07475 1. 16)50 1 .. 50, 1 A39•2 1. 84846
1.45366 1.35135 1.18961 1.10 34 1.25152 1.5e125 1. /14,9
1.64422 1.58718 1.45628 1.25211 1.16877 1.37"20w I. 59)3 13
1.85458 1 .82678 1 .75854 1 . 539102 1).37668 .It,8") 3 38. 93825
1 9681-,_ 1.933 11 1.8195 1.-7 , 3.1 472 '(MD -2+-7

RATIO OFIN" t;' ii" SIT I OBSERVEPR AZ I MT''ll 90 lAU =! .000

1 .90972 1 . 9)t),835 2 0 P ,8n 2. 30906 .3 rj:7 6-, 4'.z , 5,) 9 11•0•1)
1 .9o,053 1.996h05 2 1 166b 2.34816 3. 17799 46.25937 1000 r4+-4-

),393 2.04716 2. 173'),, 2.42116 3.32342 0 8,o6;8 ,0 k +-+---._031 10) 2.11637 2.25.200 2' 52o2 3.32)'c.'40 100-wi1 6. . 2o _ 35 ý ,3 8 ; _'; $ s o . 0 '7 4 / 0t t ) + 4 +

.. 0.)98 22. 6, , 7',731 nfo.,3214 lOo -44 +++0 8 8 2 7 1. o ',20 0 "1 "0' f +22..216t 7 2.6578' 3. 85914 37. 3038, 10O: ++÷.4-034 2.1.1327. 2.27693 2.61.8;43 .1. 78;15"3 47.92.64`;3 1000 44t.-i--.A0' O 747 ME 11 -17 ES I1 o) I 7 4

i,,A'I'1(, OF} IVYA IIEES'" Dls IOW", 0 B'sI:R V ;I.k .A:-ýI>l;T!] T ( PA,' -- .()Of(:

1. 1489 1 1.223 •.37991 1 . 3142u 1 1A,- 1 4 7 4
7 1 11, -" 1 0 ) 1)1.369i123 1 "224-b 1.37.' 3)2 1.6-3i7t' 3.60,'-4 } i.'-49i(), ".'.t 5 39b'.

1. -inK ]. 56•11 1 .r'D'n£- 1 .b')•47 " .91417e. " " "'v '.,u+ ". -,r,,, I,

1 69302 1 .75039 1 . 66114 2.05374 2393 3 1 3.. IJ7u7 1I i't-JO•( 1 .961K,-!, " .11 2~!' 3.C,½{, .. .l~974 l, ' ~ i o'.:tl e .7. !117.
... 7 .t 2.23 .31 -. 3,,9 ; t, 1 7.,: 190: "4+

9'



"TABIA: 4.7 (CONT.) TOT. OPT. DEPTH 2.0 ALIBEDO 0.3 G 0.8

SSO],AR ZFN]Ill ANGE INCREASING . - ]

RATI] O iN'ENSiTIES UP OBSERVER AZIMUTH = 180 TAU 1.000

1 10,82 1 .97115 2.09570 2.33732 3.21515 49.60272 1000 ++++
1).9355 2.002.665 2.13567 2.40471 3.41707 38.21622 1000 ..+.
1.98974 2.05723 2,20170 2.50086 3.65557 67.36661 1000 +..+
".05774 ' 1312" .. 2.28855 2.62134 3.92559) 75.88985 1000 ++++
L.ll1 2.19393 2.30460 .2.72995 4.15387 79.69389 1000 +.+.

2.10346 12.9306 2.37418 2.75837 4.19475 72.75104 1000 +4++

2.05050 2.1412o 2.33221 2.71261 4.05431 58.27740 1000 44-++

EATI U 01 1,'lLNSiTIES DOWN OBSEIRVEIR AZIMUTH1 180 TAC = 1.000

!..l6S9 1 31.490 1,42080 1.54632 1 .708D834 1.866257 1.86671
1 .",41, 1 .39M 60 1.49052 1.61370 1.77771 1.93776 1.93495
S.4 140 1 .4(11'29( 1 .580)u 1.7171 1.F9579 2,08515 2.0-853
1 .54? 75 1 .o 164 1.717'.0 1.85356 2.09453 2.38518 2.41712
1.7238) 1.79788 1.91933 2.11651 2.43756 3.22331 3.58150
I . 12073 '2.00812 2.16827 2.47869 3.3102 11.67786 43.76620

02'$39 t, 2 . 11() .... ,+4 O 2 48.- 3. 9099,; 46.19073 1000 +4++

RATI() (W 1 I',NSITIIES UIP OBSERVER AZI Mt"I'l = 0 'lA; 1 .500

1.....7 .107o04 2.23791 2.. 59566 4.30987 544.06421 1000 ++-+
2,026>7 2.09;833 -. 24579 2.55573 4. 147;:3 ;422._ 65186 1000 ++-++

::. ". .1 ';'•'•; 2 279o,1 ) 9t ).341" 3.072 309 ,4243 000 4-44--i

2 . 32..... 2.... . :33 1 2' 3254; 9.. O37 1:.7 . 32935 10. 4-4-41
"1:330:;' 2 .oo)i 2.2501) -. 0309:; 12'. 371-7;0 10o0 o4-++•

"*.2 T.'cJ' 3.3,• 534 "_>.404(17 !.388;;3 _ t.00_86 t93.4009'9 1000 ±++++

"" 21. ". ,3 t)z•2 "3 1 5 1 2. "31110 2. 23118 5 I21785 100o 44-1t

3 ATI' tO \T'IINSI'IIi,-IS 19)W)\," (Ji0'-;FI.*t;I A:); ;It'1'l = V. At = 1 .500

].4", 1• ].201i->, i A38,t,2 .71521 ] ~ ;i • .;7•1• 1]4~ 2.•I(>; 192] Th L;

•..,') !' ,15; : 2i3 -7O. I .Tt31 ' . i7l 7 2.F DIO, 0I .5

. " ,, ' " 1 " ,1 " I ]. , - 1 . ) 0 " , 1 1 ( ,-).

1 .0,4 1 .90s4L .7'554 ."9338 .278,34 1 '-.827 C.99122
t I . 82 7.2 2

lb297 2 4~* 2031 .9' 0 ~-

4A



"TABLEI 4.7 (CONT..) TOT. OPT. DIEPTHI'I 2.0 ABiEDO = 0.3 G = 0. 8

ISOLAR ZENITH ANGLE INCREASING

RATIO OF INTENSITIES UP OBSERVER AZIMUTH = 90 TAU = 1.500

2.00194 2.08?60 2,25742 2.65645 4.85356 t58. 583225 1000 ++++
2.03214 2.11475 2.29488 2.71285 5.03923 704.07007 1000 .+++
2.09264 2.17908 2.37139 2.82497 5.40067 793.11401 1000 ++++
-. 18976 -. 28407 .4 93.,51 3.01044 5,98722 931. 8125(0 1300 +-+++
2.31349 2.41.949 2.65903 3.25605 v.76826 1000 .+.+ 1000 .+.+
2.40765 2.52329 2.79164 3.47054 7.38029 1000 ++++ - 000 .+.+
2.40408 2.52576 2.80629 3.50529 7.36733 926.93848 1000 .4-+

RATIO 01.' INTENSITIES DOWN OBSERVER AZi MITH 1 90 TAU = 1.500

1.2`3100 1.40752 1.60365 1.81828 2.06744 2.24960 2.22855
40755 1.52049 1 68360 1 .89889 2.16504 2.36123 2.33685

,040, i .83 97 .83231 .J '9 -2.37282 2.62013 2 .5896'2
1.8:2066 1.90160 2,06269 2.33519 2.79547 3.25007 3.22896
"2.07995 2.17913 2 38929 2.81229 3.83630 6.09560 6,70981
"20224 2.41940 2.68905 3.33603 6.21574 118 25345 706, 1)792

3,29o 2.30343 " 78 7o4 3.48317 7, 18809 738 .3918: 1000 4.+-++

RATIO 01.' I 'FENSITIES UP OBSERVER AZ I MI ']TI 1 180 TAI: = 1.500

"2.00397 2.08796 2,27337 2.70,678 5. 1503b 7b0.95312 1000 ++++
"2.03o1]8 2.12707 1." C 855 281.3.. ." 5t,o' " 2......y221 1000 ++++
"2109940 32.1 73" ". 4279 52 7"44 631098 1000 44--++ 100)) 4-+4-

90008 24.3}92o ".55098 . 1t;9{0( "!. 10 -t)( 1000 4-4+4 (80' 4+4.4

"'"3299(, 2 ",' -o47. o74140 4.4812_3 .]10360 180( +4- 10()0t) ++4.
"443)20 2.-7547 82.9352 3.71470 8.74290 10(0 4.+4- 10)) 44-4+
" i.4"749 2.18843 2.91743 3. 74oh8 8 5 1000 (;o() 1;00 ++4+4-

RATI() 0F IN'\.NS JiJ' ES 1)oWN (:'S.II. A ' I 1I i - 16o M" t i Wu

1 .3 7 o I 40000 1. 719c 1 8719) 1. 31 ". "'0,1 . 4(
1.4'JR6D j ;,i;72' 1.7';815~ 1.01,7'(, ' '''3 11 2•.41,u,'0 .37 ,{

I ..t7 52 1 7.{3 1.A4(..13 ":. 10327 . ... J' : - .'11 7 _.VT:, .
2 .••,,B & J " q.£2>.1 02t"£ 4 ..,. I4{,1' ,

"' ... 12c{t 'b2 t.I){, "2.4 %~t3 ".9571" ,4 (w.,71- ; r .7,3"')°_ -. 14 7
-232 " . *} I 0•),1, 7

., 7- W.' 41 4.



-- * ,- - , - ---*- - ." . - " - ",-- ",* "' . " : , : - .'_". -,- .- '. h.• .,-• -,- - ? .- . -.i '_•

"TABLE 4.7 (CONT.) TOT. OPT. DEPTH = 2.0 ALBEDO 0.3 G 0.8

ISOLAk Z31NIII ANGLE INCREASING . >

RATIO OF 1NTENSITIES UP OBSERVER AZIMUTH 0 TAU = 2.000

0.0 0.0 0.0 0.0 0.0 0.0 3.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.() 0.0 0.0 0.0
0.0 0.0 0.0 0,0 0.0 0.0 0.0
(0. 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

RATIO 0" INTEANSITIES D)OWN OBSERVER AZ1MUTH 0 TAt, = 2,000

1.11,;3 1.2/846 1.64255 2.00965 2.36890 2.57660 2.55873
1. 78t 1 2b87 1 32328 1 .76967 2 .2470" 2.5)024 2.5380

,,.42-,4 1 .32322 1. 826 1.4081.-. 1.97053 2.41437 2.5363F8"2009ot5 1.76967 1.40815 1.22467 1.55539 2.15582 2.42820

"2,3o890 224,704 1.97033 1.55539 1.43708 2.11130 2.71006
2.576>; 2.5303" 2.414:37 2.15582 2.11130 45..5488 370.30493

2557" 553•63. .5363b 2.28_2""0 2.71006 370.30469 1000 +44-+

RATIO M' INI'ENSITIES (': OB1SERVER AZI.MUTE - 90 TAI = 2. 000

0.0 ()0.0 0. 0.0 0.0 0.0 0.0
u. 0 0.0 0.0 0.0 0.0 0.0 0.0

C(.0 ( 0 0.0 0.0(( 0.0 0.C)
,. ,.0 0 0 0.00 0.0 0.0 0.(0

(. ('.0,, (>0 0.0 0.O 0< (1.0
0.(; 0.0 (.0 0.0 0.0 0.0 0.0
(.0 0.( 0.0 0.00 0. 0.0 0.0

,V'U, 1 il' I.NT. I;TI! 2 ION OBSEIRVE'R;. AZII'I't - 99 'I = T.00(0

,570Th 1 o•I2 2. oL, 9 2. 12 o724', 2.o2t2 -,
2. ... 1", 2 .84o')7

C i'.,eli • 'I .>,, (01f " 2.335<', >0).)!'- ".276888 3.2,0]1<'

0 1 .2 3 883. ,.44 6,2.)3- ] "o 4 0 4 ' 1(.4244o 1

" 22-. _. 7-,-. , "it 4' l5a .44& 112 1,.3.4--;-, I')t, -+4 -, lOWh' *+-t,-



TA LE 4.7 (CONT.) TOT. OPT. DE.P'rI' 2.0 AI3,I.ED() 0.3 G( 0.8

[SOLAR ZENITH ANGLE INCREASING

RATIO OF INTIENSITI; UP OBSRVER AZI'UTli = 180 TAU = 2.000

0.0 0.0 0,6 0.0 (. 0,0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 . 0 0.00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0,0 0.0 0.0 0,0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

00. 0.0 0.0 0.0 0.0 0.0

RAThI 1: 1." INTINS.SIIE'1E DOWN OBSERVEIR AZI>I1'TI- 16;0 TAO = 2.000

1.42813 1.70413 1.95906 2.24859 2.56244 2.72353 2.o6301 0
1 ). 70410, 1 .9100,; 2. 13746 4 43433 2.77792 2.9 ,403 2.67194•~C s 4-, " . 7 br ) 1 .36(' 10

. -S)u,- }J I )- h . 3731) 1 .7 5D7-4 1 "- )" 4 7?"

2.2485 2 43432 2.. 73374 3.23(04 4.20305 4.95874 4.89413

".544 2.77791 3.210587 4 .0-97 7.w)6876 lo, 4 7 -) 19.02090

2 72".-5 2. 0403 3.4769 4 .95872 16.47685 1000 ++4- 1000 +-L-++

.ote3Oi 2.871:.~ 4.38810 4.89413 19.02110 1000 II+++ 1000 ++-v4-

II

I



TABIL, 4.8 TO'. OPT. DEPTH 0. 5 ALBEDO = 0.6 G 0 .8

ISOLAN ZENIITH AN(',]E INCRNIASIN(; ..... " ]

RATIO 0' INTENS1TIES UP OBSERVER AZI1UTHl = 0 TAU = 0.000

1.55081) 1.55I Q: 651 119 1.74452 1.81821 1.72960 1.42130

1.58593 1.62379 1.09053 1.78002 1.83.38 1.71388 1.38413

1.6511') 1.69053 1.75542 1.83351 1.85831 1.68859 1.33964
7 44-2 1 .7,02.. .8 .331 1 .88500 1.85932 1.63151 1. 2795r,

1.t;1821 1.83439 1.85831 1.85933 1.75493 1.49826 1.19973
1.72)61 1.713-87 1 .8859 1.63150 1.49826 1 .29235 1. 11885
1,42130 1.38414 1,33964 1.27956 1.19973 1.11885 1.06116

i,LA ' l01 t I i 1'. N V1I'51 S 1JtJW.N OBS[.EIRVERb AZ1MUTIi 0 TAU = 0.000

0., 0 0 , ,.0, 0.0 0.0 0.0 0.0

0.0 0 (.0 () 0.0 t).0 0.0
G.0 () 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0. 0 0.0 0.0 0.0 (.0 0.0
0J.) (j0 0., 0.0 0.0 0.0 0. G

l.AII ( O) I ITNS ITl E:. UP O)BSERIVEt AZ] IUT]1 = 90 TAM = 0. (000

1.549)28 5t8:'11 1 .4o-29 1.74154 1. 8 440 1.75492 1.45370
,g21 1 1 o13(2 1.o7')37 1 .77587 1.86044 1.787t7 1.47679
,.' 1 .t7'1" 1.71497 ].84302 ].9"2(78 1.832,3 1.52063

1.741 1 77, 1 . 0 24,12 l .9454'' 2.(03537 1.51i . 58)o3
J~e._+.( d•,i•.• 1 l 17. t35:0•; 2. 131o3, 2 (4152 1. b4,og(

1.7 4''), 1. 7 <,h"- 1.85203 1. W51g I2.04151 1 .96083 1 .59104
1 "'370 1 .471o7'1 1. 52,0 3 1. S8 6o3 1 . ,4bo1 1.5010, 1 .3192

SX , t' .' '" , ., . I) \ OBiS-ERVELk A;;1"ITI0-l 1) TAt = 0..O0

'3 (1 ,i0 i.• 0.0 0. UJ tP. 0.6
G) 0 ' 0 . ,

t .0 J (1 t U ,() 0 C .
I: , , .1, (i. t. .) (I I ; . , f ( ,



"lABLE 4.8 (CONT.) TOT. OPT. DRIPTH 0.5 Al,Bl: )() 0,6 G 0. 8

ISOLAR ZE.NITH ANGL" I NCREASING -

RATIO O1F INTENSITIES t'P OBSEPVEI AZIMUTII = 1 T80 "r': = 0.000

1.54762 1.5W03 1 .o4074 1. 73673 1 .82618 1 .7t886 I .47708
1.57303 1.60617 1.06669 1.76342 1.85976 1.81088 1.516W7
1.64074 1.66669 1.72694 1.82491 1.92468 1,87559 1.5o557
1.73673 1.76342 1.82492 I .2)54(2 2.027335 1 1t784 I .o2439
1.82617 1.83977 1.924b8 2,02733 2.12865 2.03098 1.6b82o
1.76885 1.81087 1.87560 1 .9678. 2.05105 1 ) 53386 1 57907
1.47708 1.51657 1.56558 1.62444 1.66828 1.57866 1.29243

RATIO OF 0DOT1-.ENSWITI 8 1)OWN OBSEIVEi AIl;-NUTII = 180 TAt = 0. 000

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0,0 0.0 O.. 0.0 0.0 0.0 0.0

0 (.0 0.0 0.0 0.9 0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 0.0 0.0 0.0
0.0 0.0 (.1 0.0 0.0 1) 0.0
0.0 0. 0 0.0 G.0k 0.0 0.0 0.0

PA'TIO. OF IVITV-'sTI ES UP)' OIDSERVER AZI.I"I'OT 0 TAU = 0. 1 2•

1.56301 1.62933 1.71447 1.84t)07 1.99751 2.17483 22.72131
1.62084 1 .69)8 1 .75564 1.86266 2.008b3 . 12302 19.41878

.69033 1 .7411" , . 820, 1 .4394 .. ,3394 . 0so53 1 ,.11097
1 .6005 5 S;30')I 1 93012 0. 2054 2.04(21 . 9o ) 04 11 .7. 5

1 89t)04 ] .9o414 "'0186: 2GO S 1.97754 1.7,0()4 7.o9;30
1 49() I ')605351 1 .90 :(20 I .Q23)3 1.7 t127 1 .5184h 4. 5936
1 .781337 1 .75753 1.721171 1 o441"1 1.47787 1. 10o30 2 . T870:1

RAP"T) 0, 1 NT'I \SI S i I)S ! \ FOSLEVER AZ l , TAI 0 .1-l

1.0)13 1 ., 7 , . 0,"T,,I 1 .'2 ) 1 2u',)3 1 ;3 , 1 .h7hl()(i

1.O0317t.I W o -',"5 1. )37', I . Iil 57 1 1770(2 1 2) 17 17
l.97"31 1.O',7727 1. 016t0 1. 0]4',0,, 1..3 1,9 1. 2Th7() I. ,L.L

1.144"' 1.0)21 1.14)21 1 o2,(I 1 .0,7 .
I.21574 1 8 184OO I. 13.-51 1 . -411- 1(0)148 . (1)32 1.,0

.2921, "1 :, 1 1"-,', 1.1 O': + .
•.1,0349 1 .5t,51 4 I.-,210 9 1 -,+"i', 1.49,,948 1. o'J;'>• 1 ']'



"'AIBE 4. 8 (CONT.) TOT. OF]T. IEI'TI = 0.5 ALBILI)O = 0.6 G 0.8

[SOLAR ZLNI'T'H ANCLE INCREASING

RATI 0O1F INTENSITIES UP OBSERVE1,R AZIMUTII = 90 TAU = 0.125

1.51-1330 1.62533 1.70970 1 84481 2.01133 2.23656 25.55476
1.61670 1.65918 1.74456 1.88295 2.05654 2.29755 27.21570
1.68452 1.72791 1.81638 1.96046 2.14674 2.&2095 30.42851
1. 79.52h ,.41t, I .93474 '.09 090 " .29802 2.6_72 6 35. 350)7
1.92971 1.98039 2.08231 2.25447 2.49450 2.88839 40.52437
1 .)810 2.).. 03323 2 .14073 "2 .32528 2 58226 .. 2.98535 37.96236
1.81781 1.86452 1.95877 2.11742 2.33727 2.60799 20.36819

, 'I 0 0 F1 I NI TLNS li 13 D)OWN OBSEIRVIIR AZ 1 0T1 = 90 TAU = 0.125

3 .. .0OtO 1 .()1,- 7 7 1.14704 1.23390 1..39., 0.-,,02
.. 31" .8 O 1- 1 . 11232 1 . 16.53.8 1 . "2 638, 1 " 6145 1 .40874
o .)7(2, 1.1 I'tO 114491 1 2(0390 1.30215 1 .40731 1.44946

1.114133 1. 10808 1. 20O86 1.275b2 1.38513 1 .48986 1.52259
1.2L)5 To 1 .275() • . -32440 1. 40849 1.5.- 31 1 62195 1 .o4'2•
1 . -23,5 .45,62 1 .51,15 1 .61490 1.74135 1 .80806 1.83306
S.uS)O 'i .o7 80 1.7540. 1. 87924 .O)270 . 10129 ,.7502,

f< ) T t 1 NTF,' S ITI ES UP (tO;SEERVER AMU1 8.1 = 80 At'= 0 . 1 25

15817s 1 r)2I0o 1 .70419 1 84124 2.01878 ".27608 27.74509I
1 o1220 I w97i 1.,.184 7 87142. 2.0O599 2.36862 31.2o591 I
1 t,7,";l 1.71347 1.T7oT4 19,43%•- '2.15287 2.50289I 3,.49341

1.73,1, •. 8.>"_5S 1. 1177 2. Oi4,4 ". oou3 4 70188 0 - 7).5,48

E 1.723 2.0~07 2.2350 .4)3 294874 .4. 80 14S1)7 2. 0457" 2.15(078 2 3283 ) 2.5'109 3. '0800 40. 33836
* 3-,. ,•4 I .590"5 1].0 530 ? . t,4"2 2.3',I13 2I 577o( 20. o-380O

}~IN ENS I I ES f \ OlBStV,.K A*,/ I I *E'A T I

9.. T0 1 .0775Ž u 1 1 .t% l 1Th2;• 1 2"-".33; -

I., 1 • 17
-'. ~ ~ ~ ~ i - 4; .. . .ol l1 l _t

• -.- ,.; >•, a ~ ,.,(, i 5,•t,. 1 i~l-11-i' i 7 t S c ] .7 .- ; . l 7 7 ,
,,!,-..:,, ] 7 Z CI $'' ] k~~~~td ,]U )] '1 i,• ti- ' t) U • 2 "1' 'h " -



"TABIE 4.8 (CONT. ) TOT. OPT. DEiPTh = 0.5 ALBEIIO =0, G =: 0.8

JSOLAR ZENITII ANGLE INCIREAS]NG --- >]

RATIO OF INTENSITIES UP OBSERVER AZIMUTII 0 TAL = 0."-5,0

1.59878 1 .64940 1.747.90 1 90538 2. 119148 2. 70942 1000 44-4-4
1.63229 1.68630 1.78633 1.93747 2.11949 2.59880 )O00 +±++
1.69932 1.75716 1.85764 1.99699 2.13720 2.47536 948.18433
1.81338 1.87337 1.9o903 2.08412 21544 2'.31832 675.o9n04
1.97281 2.02404 2.10086 2.1t470 2.1 1370 2.08320 415.78223
09752 2. 9.12408 2. 14880 2 12067 1 . 9 4 o86 11.76773 225.65 625

2.04021 2.03007 2.00690 1.91097 1.68383 1.50124 111.o5099

RATIO 01' 1FNTEN8LTIITS D)OWN OBSERVER AZ]'IOTh;'I : 0 TAU = . -0.-7"'0

1.02t19 1. 0o396 1.14475 1.23753 1 .37498 1.55294 1 .8378
1.06316 1.02973 1.07485 1 .18032 1 33010) 1 .522>7 1 .68472

*,!£486o 1.07387 1.037:32 . (0)725 ].2.598 ].4t•9;6 . c,;-;49
1.23889 1.18091 1.09740 1.05435 1.13914 1.36096 1 .o 023
1.38059 1.33754 1.23451 1.14021 1.09501 1.21280 1.43137
I.o2001 I. 5 742 1.50464 1 .37992 1 0._002 1.1819Y; 1 .32325
1.96523 1 87511 1.83540 1. 7-243 1 49o-5o 1.35873 9.49370

RATI 01'" I\TFINSITItES UP OBSERVER AZ I. liT) 1 90 TAO = 0 .'0

19718 1 .04572 1 .74416 1.90719 2. 1429i3 .8"7 100 4-4
1 62836 1.67757 1.777>o1 1 94552 2. 19348 2 922734 1000 ++++
] 9 2;4 2  1 .74407 1 .8.4;47 2. (2533 " 2. o,3 .1221 1000 4-44+

8 80 2. 1 8o 121 1. 7298 2 168,1o 2.47885 5 7 1000 (4-44-
1 .17086C] 2.031i . 13731 .38041) 27572) 4 .02792 10M) 4 4-

.1137 .. :2420 2.58350 3.02719 4.3071 1000 .+..
2. 0(7323 2 141-9 2.28343 .536o0 2 .9tl110 4. 17139 1(000 +-++

IRATrl0 (T' I .NIF.\SI'Ti ES DOWN OIS.,'IR A 'I I 1 ( 9, TAt = .0.2-

1 (]728 )1.o92) 1 19081 1 27743 1.4151" .- 8482 1 09o00
1 12 o 7 1.162,:, 1 218o•; b..08" I 1 451ot, 14 .. 73ot

S1 ] lil } 0 .'21 ;,_o; 'i .2743.,i . 712.; 1 ;427{,1 .711. .1 21
-1 371(2 1 48"•4, 7 12" 1 8 4 7 -6 '

1.430,4 1 .,e9th . 54o83 1 o0789:) 1 "t8533 2 07.429 7oli8

1 39 2(, 2. 71hu, 2 .,--;-; 1,

93



JABtI 4.8 C()NT . ) TOT. 0'I~t'T. l )El1ll = 0.5 ALBIEI)O = (.o G = 0.8

I SOAI- ZEN IlTl ANGLE INCREASING . : -

RATIO 01' INT1.NSITIES UP OBSERVER AZIMUTH = 180 TAU z 0.230

1.3955 1 .64-175 1.73955 1.90617 2-15803 21 .90908 1000 ++,+
1 t2415 1.66869 1.76o41 1.93985 2.21757 3.08031 1000 4.+++1,68698 1.7297o 1.83029 2.01373 2.32064 3.31970 1000 ±+++

1. 7 89,4 1.84267 1 94920 2. 14913 2 49773 3.68150 1000 +-+4-+
1.9051t 2.0T005 2 13531 2.36284 2.77293 4.20435 1000 ...."'11729 _ 2.1836o. 2'•.322•50 2°.58063 3,04687 4.63489 1000 ±++++-

".092.72 2.16814 2.30997 2.55882 2.97898 4.19695 1000 +++4-

EAT I(U ()1" 1: NI'NS1ITI ES IIOWN OBSI.RVER( AZ I MI.YPII 1 ]80 T1A1. - 0. 230

1 .09t09 1.134,83 1 .2145o 1,30169 1.44070 1.60354 1.70080

NA.'TI, INESTE DOWN>:, -,1EIVl AeWl 1- -~ .0-250

. 48 ....... 1.25.):, 1 .3,132 1 .49308 1 . •5413 1 -. "4>-1 .1493 1."29 3 1.30221 1.42416 1 .44070 1.7-3541 1.82137

1 0 t30 )8 1. 35544 1.42867 1. 3423 1 .70532 1 .F,7192 1. 74051 .)5977 1 51944 1 00018 i.73472 1 89015 2.07828 24548
1 o947n 1 -7627' 1 .86403 2.02030 2.21"87 2.40985 2.99813
1 9;.1848 2 .0433`1 .17133 2 3861"1 2. 7216o 3.45517 113. 08446

PATIO 10O I'NTE\INS '!T]iES UP OtSEINVER ACTII 0 TA- 0'.F-75

6._' ) 1.oii ].74999 1,92000 2.1770,) 3.30253 1()00 ++4+
1. 19,5 1.6738:3 1 .78094 1 .4188 2 13980 3 105,4,0 1000( +4-±+

1 .7,• , 702 , . 4I (r) 1 .989;34 2 15997 1 8T3Y5 1 4900 + 4 i
,';07. 1 . 30 .4 2 ).0703., 2.17o7., ' )o1,4 1000 +++

->0 2.(l0',t " .9 t 2 177o3 2 ]20'4 2.377 1 100(1 4-+-;--"1,7%4 2. 18202 2 227o7 2.21 25 2 Q 4982 -1.01421)N 1)00 04-4-+4
1:' 1 ..- -. .. 127'9 4 .5 440 1. 71 38 17)00 --4-+

I,.,'.,It i~ i IN'1i:Ns1.v IT I BW'- )•\, O)BsEN E\NI, A:;l'.lo.:l II ( TAI = . 7

1 . •l•0.t 1 . )')7(j' I . 220'o 1 . :3 9,0o I 35Th- ] 0";O ,-h 1 . 1-,
i . 1 0.;•I 1273'o 0 7 5

o .( !1. 1 t". , 1 1 J473:. - 1:,1 .': :,i it. . 27 ,41". . ;.,7 '• 1. t), ,i. ; . :' 172 " 1-, . i .,St~

;,,-'•2, ! ,•;l ";~~~~........ ....1)!), - 5 ! 1 •:.7-,,, " L :20, 2(1



6

T'ABLE 4.8 (CONT. TOT. OPT. DEPTH = 0..5 A1I.:FDO 0.6 G = 0.8

ISOLAR ZENITH ANGLE 1N81AS]N(; :-

RATIO OP ]NTIENS]TIEýS uIl OBSERVER AZ [(L2'TH = 90 TAU = 0.373

1.59019 1 . 64230 1.74818 1 . 92612 2. 21151 . ).499)4 1]000 4+++
].61626 1.t6911 1./7`/84 1.96057 2.2t219 3.64:313 1000 ++++
1.67193 1.72635 1,83896 2.03349 2.36633 J.94113 1000 +++4
] .77433 I .832bo I 9 33r2 "'2.16987 2.55720 4.48182 1000) ++++
1.94..1 2.00917 2.14642 2.3982; 2.88103 5.37782 10(0 4+++-"2.14735 2.22'44 2.38636 2.69475 3. 30t)40 6.5.5009 1000 -44++"2.24460 2.33049 2,51252 2.85407 3.53326 6.87737 1000 ±++±

kATIO 01' 1N''TNS1TI1ES DOWN OBS0SI"RVI't\ AZI.U]' (1 90 'fTAU = 0 . 373

1.11096 1.19400 1.29068 1.41632 1.60755 1.85232 1.98769S1. 19401 1.248-15 1 .33191 1.46061 1.65992 1 91 132 2.05336
1 .29086 2 ."):) 22 1• 2 1 .41308 1 .55028 1. 76537 2- 03460 `. 1 (271
1.41794 1.46253 1.55241 1.70369 1.95061 2.25920 2.45560
1 o1917 1.67317 1.78132 1.9o77/1 '.24174 2.62910 2.97/841
1.91417 1.97961 2.12555 . 35734 2.73074 3. 42366 5.3075h

t, b'78U 2.2/090 2.44561 o, 793- o, 3. 83860 ]OOu +++--,

RATIO 01I 1NTENS ITIES UP OBSE' RVE'R AZIMUTH : 180 TAU' = 0.375

1. 58885 1.63916 1.74533 1.92886 2.23582 3.64296 1000 +++4
1 61274 1.66200 1.76935 1.96259 2.30467 3. 91818 1(00 ++4-+. ,66627 1.71414 1 .82.,37 2 -'..(31 6n 2.41448 4.2-103 1((1000 +4+4

7/65 1 1.81512 1.9 1) 1 .1 bI)0 02 1 ob 1 '4.85485 1000 +++-4
.93544 1. )9063 2. 12302 2.38,458- 2.91881 3.7515 h 1000 ..-+++

2.14. 2]""53, 2.37445 26N788 :3 .34428 6.89004 1000 ++4-+
. .25785 .3442( 2.52507 2. ,86891 3. S)8:38 7.09288 1000 ++++

RATI 1-" OF INTt.NSITLES ltOWN OBSIEtRVER AZ I,1'ITI0 1 80 TAt 0 . 375

14 (7: 1 .23()o3 I .3:247 1 .44 ý39 1 . r,4,37 0 .87449 1 .993:310] .235t); 1:.30489, ] .3'-880: ] . 51750) ].71]41 1 . 4834 2 .0)Stmt,
1 .3237: 1.3792- 1.47670 1,o]7t7 1.82847 (1i7411 "'.1117

.451)7 I.52,4 1.t209" 1 .7nnf3ý 2 009M 81 2. " S 2'..-7.'73
l3430• 1.731935 1.85008 '2.03172 2o2o 71 " o4132 2.963b8

' 5 " , - . ] '.40771 " 7 5:-5 " 3 .-19:3., "". .2t9"--, 2o "'' '.T>0 - . 7<' , 1) 40128 . '2,5 1Q)( ' .0 ++

9.5



TAB LE 4. 8 (CONT.) TOT. OPT. DEIPTH = 0.5 ALBEDO = 0.6 G = 0.8

IS{)lAI ZENITHt ANGI, INCREASING

RATIO (I INTENSITIES UP OBSERVER AZIMUTIl = 0 TAU = 0.500

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
t'.o 0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0. 0 0.0 0.0 0.0
C.0} 0. 0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

EATIO 01' 1>'I1NSITI ES DOWN OBSERVER AZ11IUCT11 = 0 TAU = 0.500

1.05427 1.13203 1.30096 1.48795 1.74357 2,08035 2.25332
I. 1202 10.3 1 .17,447 1.37222 1.66525 2.03713 2.26087

P0.-; . 13447 1 .07n4() 1.11)()40 1 .50809 1 )940)9,3 2.25160
1 48795 1 3 722 1.19940 1. 11019 1.27603 1.71890 110081. , ! °1 ° I

1.73357 1.6o125 1.30809 1S._.2 7803 11,498 .141806 178699"

2038035 2 )03712 1.')4093 1.71890 1.41806 1.39685 :.86567
o087 2.251o0 "2.1 110• 1.78699 1 .86>o7 1000 ++..

NA'II 0t. lT-ONS TI I 2•8O1SE.RW't, AZ!,>111TH = 90 TAt = 0.5300

.0 0,.0 0.0 O.0 0.0 0.0 0.0
(.0 0.0 0,0.0 0.0 0.0 0.0
(>0 0} 000 0.0 0).0 (0.0 0.0
{ii (j.)} 0* 0.0 {0.0' ('. C0.01

.u (,. } w i. 0}.0O 0 .0 0 .0

• 0.0 Jo 0.( 0.(0 0.0 0,0
(0 0.i 0.)) 0.0 0.0 {}0 0.0

NATI l I.";'!I 1)]' IS '8 OBSI{EVEi, A, I1UT 11 30 TAM. = . P',

l.~~~~~ ~~ . 5.t.i. 6 .4,2-:1 0 .1J}t( .84} 1 .g 23to I 13oB4 .276o:'

'.(1 ;.:'.."-' I. I)o.0 1.7504 0 1"02 1 2 19 2.2/c 0.)

7 1

S.-,>•:1 ,} ){ 1. 7.41>' 1 .9472,n9 a.'d(,' 72u8r 2 '.vt',34;

1.812:5; 1.24o 2.02352 2.2o9, 2.647o 3 31247 3.-340+
b K. ]'I ;.. ' . ) .... " , ,1- 2.72" & 5 :. 47 O ? { 'i 9.u,712 ,S- ... ,' ," I.' C Il . •3t'-, :2. 0e34." 4;!~ ot}) ot73 1- 1009 4A+A

96



TAB I 4. 8 (CON',) TOT. OPT. o)lI = 0.5 Al,li) = 0. 0 ( .0.

SOMAE ZEN JTI ANI;I,E INCREAS Y N(; . .J NG

RAT(] OF 0I'NTENSITI]-S UP0 SER\ER A..UTI = 8('0 TAlt 0o. 500

0.0 0.0 0.0 0.0 0.0 C.o 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0,0 o.o
.0 0.,0 0.() 0.t . 0.0 ).(]

0.0 0.0 6.0 0.0 0.0, 0.0 0.0
0.0 0.0 0.0 0.0 0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

RATI, O" I\.' s 4 ITSIT1ES IDOWN OBSERVEIk A;ZJIUI'fli 10 TAI = (-. 30)

1.19938 1.32309 1.44350 1.60653 1 .5279 2. 16440 2. 28998
].32308 1.41586 1 .2730 1 .6439 ) 1408 2.2 o701 2.
1 44 150 1 .52729 1 .642' 1. ,26, 2 .0)')-0 2.44932 2.58452
1.60o53 I t.9440 1.23. 2.0128" 2 54121 2.7770) 2.98338
1.8"5280 1.1)4808 2 .099535 2.34119 2. 68323 .. 34742 36 .719
2.1 -l40 2.26701 2. 449!33 2.77522 .74709 5.0081 ) 0 10.,0241

. Q9 6 6 7. 0 7 0 .i (. lJ 4t1 ++++9
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"lABLIE; 4.9 RATIO O1 1 I,()WTIRANSX TO PIANE' PARAII,E , 1NThNST1 Ti 'S
FOR THE CASE OF ISOTROPIIC SCATTERING USING 1962

STANDARDATMOSPHERE AT 1.1 jm (Single Scattering)

OBSERVER AND SOLAR ZENI'1.Ih ANGLES ...... 12.95, 82.57, 88.54

OBSERVEIR AT 100 RM G= 0 ISOTROPIC

INTE-NSITY UP Solar angles

j1.00215626 1.05774879 2.29551697
Observer 0,000714218 0.001250958 0.007708263
angles 0.000000213 0.000000290 0.000000940

INTENSITY 1)OWN

0.0 0.0 0.0
0,0 0.0 0.0
0.0 0.0 0.0

OBSEIRVER AT 2 KM G= 0 1 SOTROP1C

IYTENSITY U1i

1.00154781 1.06007195 2.58837509
1.01964569 1.09133911 2.50554466
1.17453769 1.28038597 2.69621849

1 NTENS ITY IOWN

1.00000000 1.00567627 1 .34543324
0.995o5o371 0.9998o7260 1 33298016

0.971774220 0.()69370544 1.2,7793026

O)0S]ERVER AT ;RNONI) G= 0 1 SOFROP - C

I1NIENS 1ITY (ii

0.0 0.0 0.0
,. )0 0. c 0.0

0.0 0.0 0.0

I NS'i NS I']'Y 1DOWN

1.0002870(, 1.05090427 2.'34002876
I . 000604b3 1. 028016019 -2.51013947
1 . 140),0497 I. 08375645 4.407313-25
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a1

TABLE 4. 10 RATIO OF LOWTRANSX TO PLANE, PAR'ikI,LLi-, INTENSITIE.S
FOR TIlE CASE 01' ANISOTROPI C SCATTERINrG; USING 1962
STANDARD ATMOSPHERE AT 11 pm (Single Scattering)

[ OBSERVER AND SOLAR ZEN1Tll ANGLES ...... .12.95, 82.57, 88.54

OBSERVER AT 100 KM G=.8 I111]= 0

INTENSITY UP , Solar angles

11.00231266 1,06745529 2.53980637
Observer 0o.000712828 0.001238167 0.007610794

angles 0.000000213 0.000000287 0.000000955

INTENSITY DOWN

0.0 0.0 0.0

0.0 0.0 0.0
0.0 0.0 0.0

OBSERVER AT 2 KM G=.8 Pill= 0

INTENSITY UP

1.001393392 1.05543613 2.5o243706
1.01643562 1,07541847 2.4o145344
1. 17257404 1 .-268o3 194 2. 79O'22o50

INTENSITY DOWN

1.00000000 1.00354385 1.35827351
0. 992864728 1.00059032 1.37985706
0.971548676 0.975686073 1.30217552

OBiSERVER AT GROUND G=. 8 1li t= 0

INTENSI ITY UP

0.0
0. 0 0,.0 0).

0.0 0.0 0.0

1 N'IENS TY DOWN

1.900000000 1.0 3)1721062 .367 23137

0.9979 2•3•19• 3 1. 03127o70 7 . 7,88;44o4
1 . 14088)19 1 .08088493" 5.15 Shon05
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TA13LE 4. ]0 CCONT.

I OBSERV'ER AND SOLAR ZENITH ANGLES ...... 12.95, 82.57, 88.,4

OIPSIEtVER AT 100 RM G=.8 P111= 90

INTENSITY UP

1.00240326 1.05603218 2.27564812
0.000714208 0.001249183 0.007702570
0.000000213 0.000000276 0.000000940

INTENSITY DOWN

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

OIBSI-ME\VEN AT 2 KM G=.8 Pi11= 90

SNTEINSITY UP

1.00144863 1.05768394 2.56569958
3.016ot3575 1.08981609 2.50270844
i. 17263222 1.27964306 2.69502258

1 NTENS I'l'Y I)OWN

0 . 99))2334b3 1.00589'180 1 . 3529 40.56
0.993)018880 0.999244690 1 .33369064

0.99,)92737 1 0.969134331 1.277o2222

2 IAVEE, AT (;I<k UNI) (;=. 8 PlI= 90

1NTI'NS ITY till

0.0 (.0 0. 0
0.( 0 .0 0,0

.00 0.0 0.0

N'TENS 'lTY 1)OWN

0. 995t)85399 1 .05365753 2.35451031

1.00057838 1 .02740 09 .5 1358004
1. 13899517 1 .0 8 2 8 647o 4.40842915
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"TA+L1. 10 (CONT.)

OBSERVER AND SOLAR ZENITH ANGLES ...... 12.95, 82.57, 88.54

OIBSERVER AT 100 KM G=.8 PI'l180

INTN IITY U P

1.00199699 1.0378055b 2.01509380
0.000713983 0.001250720 0.004630759

0. 000000213 0. 000000290 0. 000000940

INTFNSITY DOWN

0.0 0(.0 0.0
0(.0 0.0 0.0
0.0 0.0 0.0

OBSERVER AT 2 KM G=.8 P111=180

INT'ENSi]'Y UP

1.00150490 1.05701733 2.57040986
1.01775074 1.08541203 2.43811417

1. 17387867 1.271 )oo80 2.60291105

1 NTENS I TD' DOWN

0.(g9072(00q3 1.00441265 1.35198593
0 . r94' 4669 0.999370277 1 . 32355103
0.970852494 0.967585027 1.31540o80

i ,f)BSi.xVER AT GIR I'Ni) G=. 8 i'1i 1 1 1= (o

----------------------------------------------------------

INTENSITY UtP

0.0 0.0 0.0
0.0 0.0 0.0

|0.0 0. ') 0.0

SNTE'NSI T"'Y DOWN

0).99075:5770 1 . 13j In 95 2.3501 11lltl
Q .9q9193547 1 .0247012 2. 3710t837

1.14007773) 1.078o7.050 3 7. 57K ),,28
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4.4 Spectral Redundancy.

l'or high reohition, plane-paraliel, multiple scattering radiative transfer

in inhomogeneous media, the gaseous absorption causes the radiative properties

to be highly dependent on frequency. Such complex spectral structure re-

quires the monochromatic calculations to be done on a fine frequency gri[,d

over the entire spectrum. Computational times are consequently large and

procedures to decrease them are sought. Two rather distinct approaches,

have evolved to deal with this spectral problem. The first, and more highly

developed method, is to spectrally model or average the extinction coef-

ficient in some manner and then attempt to use such averaged properties in

in apprpmrl.te1y iodified radiative transfer eq, at ion or its solut ion. The

A literature on this approach is too extensive to discuss in detail and shows

successful applications for many specific problems [Refs. 22 and 23]. The

major limitations of this method are 1) the modeling or averaging is not

general, 2) the radiative transfer using averaged properties is almost

always an approximation, and 3) that only spectrally averaged quantities can

be predicted. in other words this approach lacks generality and has unknown

and uni'ont rolled errors.

The second method of dealing with the spectral. problem, and the one

pursued in this section, exploits the idea that monochromatic radiative trans-

fer calculations can be highly redundant over a spectral region containing

nony , gaseous absorption/emission lines. Therefore, only a relative few

II t•oclromatic multiple scattering calculations are required to represent

radiative transfer at all points in the spectral region. Prior research on

this a'pr'at lh has taken several forms using the nomenclatuire of the K ox

opacity distribution function [Refs. 24 through 27], and is well developed
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only for homogeneous atmospheres or when scatt-ering is neglected. The work

on exponential-sum f-itting of the direct transmission function [Ref. 28 and

29j can also be related to this method. The research proposed here lbuildS

on this previous work and presents the method in a more general manner using

the properties of' the diffuse transmission tiunctions associated with tile

adding/doubling computational method for mu]tiple scattering. This dif-

ferent Viewpoint makes it easier to understand when and how spectral re-

dundancy can be used to advantage.

To study the spectral redundancy for multiple scattering radiative

transfer in the generality being proposed, a general and fast radiative

transfer comiputational code is required. The method of Adding/Doubling has

been developed over a period of time by several research groups and is now

able to solve any monochromatic, mktltiple scattering problem in plane-

parallel media [Refs. 5, 6, 7, 30, 31 and 32]. Although the particular adding/

doub i ulg t-Ljui:Ihw to be used here. arid develioped by one (1 tte authors, is

general (internal and external radiative sources, inhomogeneous and non-

isothermal media, arbitrary scatte ring properties of medium and surfaces)

and computational]ly rather fast (5 to 10 CPU seconds on an IBM 370/158 per

monochromatic run), it is not fast enough to allow high resolution, point-

by-point calculations to be done over the entire spectrum in a realistic

gasecous medium for all ot the various conditions encountered in modeling

engineering atnd atmospheric environments. Therefore, the following scemec

is one possibLe approach to dec rease computational times for obtaining both

the total. euierty flux and the s:pectral iLtensity emerging from, or found

within, a multiple scattering mediuim. The concept is rather Simf(le. The

;ppp1rt)xiimat ion is ma:dC that azll spectral points having the same. total opt ical

1IN



depth also have the same, or very similar, direct and diffuse transfer or

transmission functions. This; is not true in the general case, and the

reseaich discussed here is to find out through analysis and numerical

experiments the accuracy of this approach in simulating radiative transfer

in realistic atmospheres and what further parameters may be required.

As a simple example, consider thle problem of radiative transfer through

an inhomogeneous medium illuminated by solar radiation. The monochromatic

intensity lV (v denotes frequency) exiting the top and bottom of the medium

of total optical. depth t , can be written as [Ref. 5]
0

1v S I.( , it p)
\) Ss tV 0

1+ (0oif o ________ (4.19)
, 411 it

and

V(t , l, \0 I exp (- /Ig) V (p-p,

T R- ( ,tV

+ 41 (4.20)41'

iHerc the diffuse transmission functions S and T are calculated by the

Addiag/Doubliag method and have been modified (suprcscript K) for an)' re-

flect tog surface located at t . 1 is the solar ixtensi ty at the top ofV \V

t1e atiosJpheire in the direction of k (ens o ) ,o" whore 0 and q, are the

ziLith tui d aitmZuthsll 11A a]'gles, respecLively. The direct solar be;am is; angularly

turnod o1 by the Dirac delt a function 6 . T'ie optical depth LV is alosed on

the ext inction cool-ficient KE by

V
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V
* I. ,1

= )K (x) dA

0

where x is the perpendicular distance measured down from the top of the

, medium, while upward (downward) iemisplheric intensities arc labeled with

a +(-) superscript. Also lnote that the full functional arguments for S.

and T are not given, and they arc calculated for a solar flux of 411.s

11 one is concerned with only the direct radiative transfer, the

spectral variation of the incident solar flux is usually considered to be

smoothi and the spectrally sununed intensity cab he writ ;en as

1 (xo, p, t) = 1 f exp(-t\ /• )d\ . (4.21)

IT hle spectrally averaged direct transmission function is the integral in the

C(IquaLion, and it is often approximated by a sum of exponentials as dis-

cussed at length in several. references [see Refs. 28 and 29]. The exponential -

sum fitting method is also directly ielated to the K-distribution method

where the spoctrally averaged, direct transmissijo function is written as

(for ainl homogeneous medium)

T(U) -- j exp(-KI" U)h Jt= f(K exp (-Kl U )d K1 , (4.22)

fv 0

00

where: U is the g las amount arid f (K) is the K distribution function. I h is

function weights the spectrum according to how of-Ltl the exteinctiun cocl-

fici.Qlit bus values between K, and KE + d K . Such a ftuncLiOn cAn thlen bh

used in several diE fercun ways [Ref. 26]. T'hie (opi1ion factor in these 'co05st tucts
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is that, all spec trail pninits withI the.. same. K Eor t 0Sitoold he grouped1C andI

would Owen Constitute a single. nonocliromiat ic raditiive tranisfer ealcntation.

The. more. general approach is to include. the. diffuse. t ransmis Sion1

(scattering) or tranlsfer functions S and T R.' Anx liid nSity speet r~i1
b S

Sum11 WouldL thenl appear as

I +~2 $ S 1 ~t . i qdv .(4.23)

4-iit f S

Av

Now one. must asl( for what parametric values does one obtain the Same SS

For this, the. complete functional dependence of S sR- is required aind can

be expressed as

S' It, vi vpc (t (tV) , "to 0 (4.24)

hloo re) and P, arc, the. sing le seat teringý :i11hodo and Phase2 Junc tion , re-

sPect ivelIy . To make this more explicit , i~t cani be rewrt teni ais

I. S\

s SK~ L x & i, It K,~ (x) \(-.0, I', (4.25

whe r, K isý the seat terinig coefficienit . When2 the' me1dium1 iS'

4
noii. on~e assimes, K and P ar. sp~eCt rail V SinOntht, thle only ictim ining pe I

pairaweter ias t c or

R- R
S s S ( (4.2)(
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and S R-calculations can be grouped into to bins in the same way as dis-

cussed above for direction transmission.

For a given homogeneous medium, the procedure is conceptually straight-

forward and without physical approximations. A line-by-line algorithm like

1IIACC [Ref. 33] which is contained in FASCODIB [Ref. 4] would be used to

produce the required t over the spectral region of interest. Using these

results, one would then performed a mapping of all frequencies with common

t values. This mapping is retained. The monochromatic multiple scattering0

code (Adding/Doubling) is then run for a small number of t 's each of which
0

represent many different values of frequency. The results of these cal-

culations are then used to perform the spectral sums as expressed in Eq.

(5), which now takes the form

CU

T

I -- * = SsR' (t )f(t )d t (4.27)I = 4'iT)J S 0

0

ic function S R-(to ) and the extinction or opacitv distribution function

f1(t) are smooth functions so the integral can be evaluated accurately using

only a few carefully selected values of t l ln addition the high re-

soluition spectral intensity given by Eq. (4.19) can be constructed by an

inverse mapping of t results back to their associated frequency values.0

For the realistic situation ol atn inhoimogeneous atmosphere under

discussion here, the redundancy for radiative transfer with ,scattering

is more complex. Referring back to the general functional form given by

,q. (4.25) and nuaking the reason~able assumption that K (x) and 1P (x) are
5 \V

kniown in x and spectCraLly smooth over the spect.-ral region of ititerest, then
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progress can be made with the redundancy concept for inhomogeneous media.

The remaining spectral parameter besides to is KE (x) that with K (x)

V0 ,V

makes up the single scattering albedo. If K E(V, x) could be written as

K I(to, x) when t0 = t (V), then redundancy would be valid and such a s~itual ion

is called the correlated opacity approximation. For certain simple line

models such as equally spaced overlapping lines of equal strength the

above parameterization of KE is valid and redundancy is an exact approach.
V

For realistic inhomogeneous atmospheres it will be shown that the line

absorption is not exactly correlated but progress can be made by working

with an average (over the v's associated with a given to) R\E or equivalently

an appropriately averaged single scattering albedo.

The above theoretical arguments and functional relatiuns can be made

clear by an example calculation. This will also give some initial results

that will show how successful the redundancy approximation can be for in-

homogeneous atmospheres. This initial calculation is not sufficient, however,

to say that redundancy will work for all, model atmospheres over their entire

spectral region.

Although a theoretical argument can and has been made for spectral

redundancy, its -accurauy anrd usefulness can only be demonstrated by numerical

experimeins with realistic model atmospheres. For an initial experiment, a

Slnai,_ spectral region was chosen from a standard atmosphere (Model six)

iJ FIAScO)DI;' (Rcf. 4 ). T[ihe total t ransniittanc-,e for this atmosphere, which

did not include aerosols, is shown in Fig. 4.2'2 over the narrow spectral

rupion from 4950 to 4954 cm that contains a mixture of CO2 (uniformly

mixed gas) and I12 ( (nonuniformly mixed gas) l ines . A part of this atmosphere

wa.s chosen to work with and was made up of 12 layers that extended from

ground to 0 Kin. The upper part of the atmosphere from 30 to 100 Kmn was

1 08
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"not used since it contributed little to the optical depths. For a total

transmittance of 0.40 (optical depth t of 0.9163), there are fourteen cot-
0

respondi.ng frequencies in this spectral region. For each of these frequencies

the optical depths of each of the 12 layers were found along with the average

(over frequency) optical depth for each layer. In this initial sample cal-

culation, aerosols were added to each layer by assuming the scattering optical

depth was 1/9 of the average absorption optical depth. This gave an average

single scattering albedo in each layer of 0.1. A single scattering albedo

distribution over the 12 layers was then computed for each of the 14 frequencies

by using the actual molecular optical depth in each layer, again for each

frequency under study. Note that IiN averaged over the frequencies gives

the value of 10 for each layer.

To use this data in the multiple scattering Adding/Doubling code, it

is convenient to reduce the 12 layers to six layers, five of which have

optical depths of 0.127 and the bottom layer has an optical depth of 0.382'5*

The u•w single scattering albedoes were formed from the originals by optical
+

depth weighted averages. The data from this optical depth and albedo modeling

are given in Table 4.11 (note that Ref. doesn't mean average of the albedoes given)

Each of the 14 different frequencies along with their unique single

scattering albedo distributions were used in Adding/Doubling multiple

scattering calculations for the flux exiting the top and bottom of the

atmosphere. The results of these runs were averaged and compared with the

one Adding/Doubling run using averaged layer properties. The results are

presented in Figs. 4. 3 and 4.4 for three sun angles.

*ThIe physical layers there fore become frequency dependent, but this does)'

t:he present cai-culiations,

+Beciuse layers have been merged, the aibedoes listed in Table 4.11 no 1 ungtr
give an average (as 1/w) over frequency of 10.
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Table 4.11 Layer optical depth, and albedoes for the fourteen spectral points
corresponding to the total transmittance of 0.4.

FD.
POINT OPTIAL DEPTH BY LAYER FROMI 1 -- >

1 0.3468 0.:211 0.14M 0.0903 0.0527 0.0289 0.0164 0.0093 0.002 0.002B 0.0026 0.0006

2 0.4U27 0.2356 0.12%0 0.068? 0.0355 0.0183 0.0096 0.0053 0.0,90.0015 0.0014 0.0003

3 0.4623 0.2494 0.1165 0.0518 0.0209 0.0092 0.0042 0.0022 0.0012 0.0006 0.0006 0.0001

4 0.4453 0.2389 0.1123 0.0506 0.= 0.0120 0.0078 0,0059 0.0050 0.0040 0.0072 0.0042

5 0.3638 0.293 0.1397 0.0827 0.0467 0.0ZX 0.013B 0.0075 0.0039 0.0021 0.0019 0.0004

6 0.3561 0.2365 0.1375 0.0841 0.0478 0.0265 0.0147 0.0077 0.0041 0.0022 0.0019 O.0004

7 0.3114 0.2208 0.1532 0.0985 0.0597 0.0316 0.0181 0.0106 0.0055 0.00-31 0.0029 0.0007

8 0.3112 0.=2-4 0.1508 0.1001 0.0590 0.0334 0.0192 0.0106 0.0061 0.0032 0.0031 0.0007

9 0.5550 0.2124 0.0375 0.0284 0.0134 0.0376 0.0002 0.003B 0.0 0.0021 0.0028 0.0011

10 0.5786 0.2207 0.0742 0.0273 0.0114 0.0052 0.00216 0.0013 0.0009 0.0003 0.0003 0.0001

44 A IM1tO A 'flO') A 41/.M A r/rA A ALOI ^ WPM A Al -r7 A I.%Vt~ ^ fviI-A f% IVV)' A AiVV' A LAPfW
AL V. 4V'-r V.V .Py " V. %dTf V.VWJ V.V&JFJ V.W/4j V J%.v V .Wv;g.U. VW .V VW&.NV.

12 0.3693 0.Z54 0.1374 0.0627 0.0481 0.0272 0.0144 0.0077 0.00Q4 0.0021 0.000 0.0N04

13 0.3804 0.--90 0.1345 0.0788 0.0442 0.0229 0.0122 0.00M8 0.0034 0.0018 0.0017 0.0004

14 0.4532 0.2424 0.1201 0.0•55 0.0263 0.0130 0.0064 0.00,V 0.0018 0.0009 0,0008 0.0002

ME. 0.4072 0.2295 0.12M? 0.00705 0.0383 0.0205 0.0113 0.0064 0.0036 0.0021 0.002 0.0007

I.I 813.ALBI.DO BY LAYER FRk(:` TOP ......

j 0.07369 0.08222 0.09071 0.)0341 0.10433 0.11541
I(I OM)7 0.09893 0.09773 0. 0970o 0-09832 0 .09880

3 0.15167 0.10532 0.09276 0.0927o 0.08925 0.08914
4 0.12665 0.11239 0.09734 0.09644 0.09283 0.09223

05 08498 0.08839 0. 0921)1 Q.N1000W 0 .10228 0. 10ol
0. 0 8 f; 0.08793 (.09331 0. 09733 001 933 0.1 273

.O O6T7 0.07338 0.08367 0-09832 0.10333 0. 12332

6 0. 0o50, 0.07214 0 .08489 0.09804 0. 10266 0. 12525

9 0.18963 0.12617 0.10719 0.083"2- 0.07538 0.07538
10 0.21100 0.11507 0.10357 0.07t658 0.07253 0.07253

11 (1 06286 0(859 o 0.0901 0 .10012) 0.10191 0.11307
12 0.082-8 0.08881 0.09429 0. 10163 0.10345 0.10914
13 0. 91 ý (0. 09 25t 0, 0 9. ) 7 U. oO0(, 1. 10230 0 10630
14 (. 1 461 0. 10433 0 0955o 0.09518 0 09132 0.09077

;12]'. 0.1 10000, 0. 1 000 . (). 1 000 (;. 10000 0. 1000( 0. 10000
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Figure 4.3 Transmittance diffuse flux tor a total molecular transmittance

of 0.4 at each of the fourteen corresponding frequencies (case V's
2 thri 15) and for average 1;iye r properties (case #l).
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Figure 4.4 Reflected diffuse flux for a total molecular transmittance of
0.4 at each of the fourteen corresponding frequencies (case V's
2 thri, 15) and for awt.raged lT;ycr piopu rLies (case #1).
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The diffusely transmitted flux out of tle bottom with sun angles of

12.90, 60' and 88.50 for each frequency (case number) is shown in Fig. 4.3.

Case number one is the run using averaged layer properties and the bar

denotes the averages of all the other cases (2 through 15). For tle more

overhead (lower angles) sun angles the cases show small amounts of vti:c,

while grazing sun angles produce more variance. This variance says that the

total optical depth does not control the multiple scattering radiative

transfer problem. On the other hand, the averaged property run agrees

quite well with the average over frequencies ot case number. For example,

when the sun is at 88.5' the run using averaged properties gives Q- x 104 =0.914

while the average of all runs gives Q- x 104 = 0.940. This results in a 2.8%

error and the smaller sun angles produce even less error. The result of

this experiment is that the total optical depth and layer properties averaged

over al i corresponding frequencies for this optical depth can be used in a

single multiple scattering run to predict the radiative flux with good

accuracy °

The diffuse ly scattered flux out oi the top of the atmosphere for the

-;ame conditions discussed above is presented in Fig. 4. 4. lHere tjin ca:e

by case variance is larger since the reflected flux is more sensitive to

tOe :41the01 LStUiIhut ion tain rLoe dififusely transmit ed flux. Again the

gi eatest variance is observed at the more2 grazing sun angle of 88.5'. For

thtis Si ang te, the calcul-ation using, the averaged layer iproperties gives

t 3
U x 10 = 0.991 while the average of all calculated cases results in

+ l )
X x = I 108 . HLere te erl-rl-o is 10, )LI(0 do note that when the sunI

ag le isc 12..9 t hit' error reduces to 27,. Although the error introduced by

tIe redundancy argument hs greater for diffusely scatttered radiation than

!ir diftusely trLNasmitte'h radiation and the grazing sun angles produce tie
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maximum errors, there does appear to be a great deal of spectral redundancy

in multiple scattering radiative transfer.

4.5 Recommendations For Further Research

The need to reduce the number of spectral-like, multiple-scattering cal-

culations was discussed at the beginning of this section. The spectral re-

dundancy concept subsequently developed along with an initial numerical ex-

periment is one logical approach that does reduce the number of multiple

scattering calculations required to obtain radiative fluxes. However, more

theoretical and numerical work is required before spectral redundancy is re-

duced to a practical and useful method. More (different line features) and

larger spectral regions have to be analyzed to find out if redundancy argu-

ments remain valid. This will require a fair number of numerical experiments.

The final goal of spectral redundancy studies is to produce a set of

spectrally averaged (over a specified spectral resolution) atmospheric

propercies that can be used in any monochromatic multiple scattering cal-

culation (Adding/Doubling, Monte Carlo, two-stream Delta Approximation, etc.)

to produce accurate radiative transfer predictions. This will not be an

easy or simple task, but it is basic to all other so called alternative

approaches that have been proposed.
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APPENDIX A: MIl DATA ACCESS CODE

As mentioned in Chapter 2, tile complete output of the MNE calculations

was much too large for continuous online storage. Therefore, the data

was stored in binary format on a magnetic tape at the AOGL computer center.

The volume serial number of tile tape is CC-0366, and the file name is

MIEOUTPUTiO. This file is actually composed of 39 records' each containing

the results for a particular model at many (up to 27) wavelengths. A

si.imIary of the records follows:

REvCORI) f' AEROSOL MODEl, WAVELENGTHS (vm)

1 RURAL 0% RH* .2 - 1.06

2 it * 1.536 - 5.0

3 " 6.0 - 40.0

4 RURAL 70% RH* .2 - 1.536

5 "* / 2.0 3.392

6 RURAL 80%Z RH* V .2 - 3.392

7 RURAL 99% RH .2 - 40.0

8 URBAN 0% RH* .2 - 5.0

9 " 6.0 - 40.0

10 URBAN 70% RH* .2 - 5.0

11 " 6.0 - 40.0

12 URBAN 80% RH .2 - 5.0

13 "1 6.0 - 40.0

14 URBAN 99% RI! .2 - 40.0

15 OCEANIC 0% Rif* .2 - 5.0

16 6 0.0 - 40.0

17 OCEANIC 70% R1* .2 - 5.0

18 " 6.0 - 40.0
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19 OCEANIC 80% RH* .2 - 3.392

20 " 5.0 - 40.0

21 OCEANIC 99% RHA .2 - 40.0

22 TROPOSPHERIC 0% RH* .2 - 2.5

23 2.7 - 18.5

24 21.3 - 40.0

25 TROPOSPHERIC 70% R11* .2 - 2.5

26 " 2.7 - 40.0

27 TROPOSPIHERIC 80% RlI* .2 - 2.5

28 " 2.7 - 40.0

29 " 21.3 - 40.0

30 TROPOSPHERIC 99% RH .2 - 40.0

31 BACKGROUND .2 - 40.0

32 AGED VOLCANIC .2 - 40.0

33 FRESH VOLCANIC .2 - 40.0

34 RADIATION FOG .2 - 2.0

35 RADIATION FOG 2.5 - 40.0

36 ADVECTION FOG .2 - 40.0

37 METEORIC 4  .2 - 6.0

38 METEORIC + 7.2 - 10.0

39 METEORIC - 12.5 - 40.0

,hI. •-is •itac Was- ge tera- t c- 1) , b c i VV S1011 01 ot' the coiL' lit Lo;d und1 i-
* J1in1on.1;ioned arni- v.•. Daitl oilir tlil the' l o r-itc11, izud phitaso ýIat rix may iw i

IIcOIcorrc iliad 'dotUld be usecd with ca.itut im.

11e dcl t a for Lhiiuse two od ci O cit ware I cogths i rOm 5. 0 ti) 40.0 , Wt.' 011ot SJVe(i

+It ta F- cec it I y I Lee discovered t Iait LIL5Lse .'týCOI-dS W1(l11, g C t-a ýd IsiII, ii II C -01 ('
ef rfactive indiex data. 'the reador is; rferrted to Eriic Shuttle IO Ait.I., whi, Iris

S cc;a]tuciii ttd the, a phitse i s-LicL tls kitt;1ingý the colrrec dato
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The data can only be accessed with the FORTRAN programi (called

RDTPlOB) listed below:

PROGR4'I pOTPi 39(INPUT4 OUTPUTTAP:S, TAPzbI

C-- TITSfý PROGOA M IS§_ US E 0 T0 RLAO TH; '31Nd Y _tjur~ýjr
C OF THE MIE GAL7,JLATIONS ST3P~Fl ON 'TAP?5' - A) _

C W IT TE uP-UTr TO i TAP 5'.

C__
C PP~~ CONSULT A4PPEN~lIX A OiF TH- L'3WT.~zAN SN

C Si.ATT;_ING RPO1;P0T R.EG4RDING THI_ VALItotrY- OF
C SOME Or THr DATA,

(1 NTHFTA IS THE7 NUMIZ1 F SCATT-< 'IVl ANGL:SO -34~
C

T NArEI -4_ NU9BJ O C6SIN'!z.S_ PRO_1- _PDUAL PROB431LITY

C 1 NJT V A LS'i ý.O'J UA I-S 25 60R 3 6.
C

T THE 20NT.-NT Or' THE. LNTI;ýJ FIVE AfZ _jjO.E.D TH ___

~~~~~~ PHS4JýTI:)TA4 -IVNAE ROSOL MODE~ AT
C up~ TO ?7 WAVcLENGTHS, Pz P, TO0 T H:` HA P P 2 O F
C T HE S NG Lý SrATT E 1-1NG Ri.PO-.T P07 . SUMMlL Y O H

-C FTL~ 2N T FNT S

CI1MPL;,x Pm.11 M N 3 0N T H ýT (3 4-), S1 (14) ,pH4S21(3'4i,pHnS3(34),
1 OH 4SL+(34),C n- rV76)

9C G C0maT(///- T',DE~ O0F REFR4CTION WA.VELENGTH _~K r£.yT
IK 3,-T-1

DO 1,.r I WA= .V- I -

WITE( 6, 93%)
C)7A n~ P TPR 0 3 ,W CXTSCOF, NTHT TN::-A N'
Sc(: 1->(5) 200 5

2 _,=I9 4NTH- TA), (-.iH1S4~( T T=11NTI-4T.2l , ~r)EqPrAIP W7 Ld ý]

W -I TT:- t6 ,1iJ) 0M,W4VELCt.XT,Sc(Y7

91 C TE kA(E 2,5117 S2)924

a920 70PMtT(/ SCT ANG 1i 1 13 1
A .4

10 WRITE(6,970) TH.:T(I) ,OHAS1IG),PHA'7F(IC) H IS U ,H SLE. 1,PH5

940 -`IcýMA T/ COSIN;-S FOz, ý7UAL P:ý03t3ILITY T7NTEFRVALS-)
____0 7.) -1=12JF NG___

20 W RI ' 7( 5, 9'ý ) C 0:_ (I1
9 50 P ):.M AT ( 1Y 1. r))
1,00 r.94TINUE_
-200-_ 'rONTINUj

)TOD~
- ND
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The program reads one record from "TAPE5" (the binary data file) and

writes the information to "TAPE6" for examination, cataloging, etc. While this

program is capable of operating directly on the magnetic tape, it is not

recommended. The binary data file should be copied (in binary) from the

tape to a mass storage disk file. This allows interactive execution of the

program and avoids the possibility of repeated tape mounts in the event that

problems arise.

The followinig example should clarify the use of the program. Assuming

that a compiled version of RDTP1OB is local file LGO and the binary data file

is local file DATATP,the following commands could be used to retrieve the

aged volcanic data in record number 32.

COPYBR, DATATP, DUMMY, 31.

COPYBR, DATATP, TAPEi5

REWIND, TAPE5

ICCO

"The first thrcc -onmiatnds copy the data in record number 32 to TAPE5 and

then r'ewind it. T'h l]ast conmmand executes time problem. A copy of the contents of

I Jlc mmiimhLer 32 woulnd appear in coded format in local file TAPE6. A portion of

C.m~uuL 0 ti yu1U ~si. ~t frmthe abo~ve: sequence fill is ohmown hel ow:
L',!t utiLl-ML th Ot... VeS I 171" the-slho

The iteadings above Lhe output are seol-explanatory. The first line of output

rou.;ist, of the complex index of refracLion, wavelength, extinction Coefficient,

.lid ;Catteriing coe f fciejnt. This is fo.lIowed by six roluimns of data. Each

c Ilitmo lhas4 34 (-iL.it,'s, olle for cach scaLtterilg angle. The first column lists

th, sCaltierl a;i,,,ml• ,r . Time next tour co ln 1 um s; are the foor stolkcs paramet ers,

mid, t',, la:;t IclummU t0lt pha'Use: functioun for timipol arizud light (i.e. the numaerlcir ]

!verel'•.t,0 the first two) S1totnts pa racmuutes). The lniual portion of output is
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a single column containing the cosines for equal probability intervals.

Similar sets of output would be repeated for each of the remaining 26

wavelengths.
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INDEK OF REFRACTION WAVELTNG
TN K 'EKT K SCi'

0. 00 .850 921:'.CI 61C0 9?tE.,01. *S97jE*0-1105-4.lczEe

£..06 .343572:1401 .543706E.0 5454,0- 765o .543e33F01
6.01 .3 755 11E+ot i!5 !+~oj.I A.1-1!46S1.flDTXV~lt
8 .0' .2590692401i . ?5 9 0211t401 *?eSskr,4l+Qj-.I,2Z ;7E+C0 .2F9tI45r+01

10.0 5 l±ŽeMEO-01 yrT]TFf~ -PAi-.i'I355i. V I .jp15U15M4
12.00 .131659r401 .17j2355401 j107 +-9?1 1.1j1k.3E+L'!
16.05 .7(.420'4ýý 7e-r1 72+-Y225 l+wjjV.
20.0 0 4t.? I O-e +f0 L.E5b6C 7 l 44t997, +U -. 1&5 51 01 .*4 6P 5 E c+ 0

-2-4.03 .3?9 3 Z8r>0CQ 30 27-f*fs13 -N7'o2'4 7: +:T- 927f --t 3'566-4-7+D
28A.C0? .2&1850 3;-+U . 2 126f'.1IE'6-09 .2Z'385L.03-.?F87? f:--1 .2i5512E+n5ý
32. 0 7i50 k7 .IOzS: + C351Q CC60 C~l6 .1T;,637ic+C

3 6 . f.1 .'2?0t8850 .11?3SiE+23 ? ~ 5' +*I-1T72! C 1Y .1'C2C¶+Z'

40.0; .1949033'-5l .9:36u5E-01 .86?2TO5- -t1-.1 r:?15 11 -9 3432 3-0 1
50.00 .,5-4~44fl-0! 1j94 3?7E-Q 1 *i.yIqL. 7 7-Qj4pjjýCro 1?.39~C

£Lc.0 .01 53t5111 -21 .3177T2!-O1 .26q5E0.286 1 .3264 4 11-Zi
0 02 . ?186s' 01 2C61717-01 * S3 >1*941 3*2 1236L5-"CM

9 0.' .0P109)4G55 0 1'7?33I"-C1 75112-?.902-15 -- 3' .1[6319:-Cl

1900.5G5 .829381:ýD 5l .99 33S5-C - - *32-4c4ut- -6 .LVý7)8 LCI .8iý64S-.2
j 1 5.Qr .c7273qýG 6 ?69?L??-U62 .175 3'<-) - 436 I' PV~UC

7?0. ý .s7ŽV 17-2 1;6?c;5cE---,t%!0 1 "1 V 0r2 5 96623=r -0?
1? .C *319 65, -0?P .19?455-02 .62725-3:-C3 .11'46?r2 '' 6r!O

1U3560 .495130E-02 .656 410E- 0 2 .27452't:-)-3 ViM816 lr-02 .57637G5-C?
j413flf Z- 977 02

149.01 .4944.78E-02 . 769640F--02 .tStl03*2020645-02 .632059E-02
±50.00 .493336!-2.r40~s1;-32f-02 02 -615,9e.2 7-Dr -

195.00 .476146E-02 .411-2.1C705 2183-?.709152F-02

lf65.00 .381212E-02 .A35ED-115>2.22k-~ .5972861-3?

I:175.00 .61+257 675-2 . 6 5 06E80?-.6?5 - .0 7 772 15M'?r
1 .672412-0

CO ST N -3 - a uA P0AM1ITY JNI5PVAUS

.990177c+00
*)) 99640+00

.Q95730--400] . 904?93--+D3Q

.9930 5347 #0 C
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APPENDIX B: LOWTRANSX STRUCTURE

This section of the report describes the structure of the single scat-

tering portions of the LOWTRANSX code. A complete description of the original

LOWTRAN code can be found in Reference [1]. Changes made in the original

LOWTRAN routines are described first. Next a discussion and flow chart is

presented for each of the newly introduced subroutines. Finally, a list of

new variables and their definitions is provided.

B.l Changes in Original LOWTRAN Routines

1. In the main routine LOWEM, the control parameter ISCTTR and control

card 2A were added to the input data file to provide for specification of the

single scattering control parameters. The definitions of the new control

parameters can be found in the comments at the beginning of the code and

also in Appendix C of this report. Additional blank common areas have been

added to provide space for the new single scattering quantities. The only

major change in program flow was the addition of a CALL SSGEO statement,

Subroutine SSGEO is a new driving routine which will be discussed along with

all other new routines in Section B.2.

2. Subroutine TRANS has been modified to perform two, rather than one

transmittance calculations at each scattering point along the line-of-sight.

The first calculation is for the L-shaped path from the extraterrestrial

source to the scattering point on the optical path, then along the optical

path to the observer. The second transmittance calculation is for the path

from the scattering point to the observer. After each transmittance cal-

culation subroutinc SSRAD (a new routine) is called to either save the

transmittances (during the first call) or perform the single scattering in--

tensity calculation (during the second call.).
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3. Subroutine RFPATH has been modified to save the earth centered

angle increment DBETA, and the path zenith angle THETA, in arrays ADBETA

and ATHETA,respectively. These quantities are necessary for specifying the

scattering point-to-sun paths and the scattering angles.

No other significant changes have been made to the original LOWTRAN

routines.

B.2 New Subroutines

1. Subroutine SSGEO drives the single-scattering geometry calculations.

If ISCTTR = 1, (i.e. the single scattering calculation is desired) SSGEO

is called immediately after GEO is called for the optical path geometry

calculations. SSGEO first saves all path quantities such as Hi, H2, ANGLE,

etc., along with the arrays WLAY, WPATH and TBBY. This is done to avoid losing

the information during subsequent CEO calls for the scattering point to sun

amounts. Next, SSGEO calls subroutine PSIDEL to determine the values of

PS10 (the relative azimuth between the optical path and the sun's rays at

the observer) and DELO (the angle subtended at the earth's center by the

observer and the subsolar point). This is followed by the loop over the

scattering points, during which SSGEO calls function PSI, DEL and SCTANG

along with subroutine CEO (the LOWTRAN geometry routine) to determine the

cumulative point to sun absorber amounts. These absorber amounts are then

stored in the array WPATHS, which is analogous to the optical path absorber

amount array WPATH. Upon completion of all geometry calculations, the

optical path parameters and arrays are restored, and control is returned

to LOWEM.

2. Subroutine PSIDEL computes and returns the values of PSIO and DELO,
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3. Function PSI returns the value of the relative azimuth angle between

the line-of--sight and the direct solar path.

4. Function DEL returns the value of the angle subtended at the earth's

center by the subsolar point and a scattering point. This is also the

straight path approximation for the sun's zenith angle at the scattering

point. An iteration of the geomtry calculation is performed by SSGEO if

the bending along the sun path is greater than one-tenth degree.

5. Function SCTANG determines the value of the included angle for

single scattering, i.e., the angle between the sun's rays and the line-

of-sight optical path.

6. Subroutine SSRAD is called by TRANS after each transmittance

calculation. TRANS has been modified to perform two transmittance cal-

culations at each scattering point along the optical path. When called

following the first transmittance calculation, SSRAD saves the total trans-

mittance for the L path. After the second call SSRAD uses the current

optical path transmittance along with the previously save~d L path transmittance

to calculate the single scattering intensity contribution from the current

layer.

7. Subroutine SOURCE contains the extraterrestrial source intensity

data as a function of wavelength [34]. A correction factor accounts for

the earth's elliptic orbit. Lunar intensities (when required) are based

on the solar intensity and stored values of the wavelength dependent albedo

[36, 371 and angle dependent phase function [38] of the lunar surface.

8. Subroutine SUBSOL detcrmines the sub-solar point angles, that is

the longitude and latitude where the sun is directly overhead.

_2.
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9. Subroutine PHASEF returns the value of the aerosol phase function

when the MIE data base is used. First the aerosol model number and the

bounding angle, wavelength and humidity (if within the 0-2 Km boundary

layer) indices are determined. Function PF is then called to obtain the

appropriate data from the PFnn subroutines which contain the results of

the MlE calcualtions described in Chapter 2. Subroutine INTERP is called

to perform any necessary interpolutions.

10. Function PF calls the appropriate PFnn data subroutine.

11. Subroutines PFnn(wherenn = 01 to 22)contain the phase function

data for aerosol model nn.

12. Subroutine INTERP performs linear and logarithmic interpolation.

D.3 Flow Charts of New Subroutines

Figure B! through B12 are flow charts of the subroutines described above.

B.4 New Variables and Their Definitions

Variables introduced in the development of LOWTRANSX are listed and

def irc'd below.

VARIABLE FIRST REFERENCE DEFINITION

ADBETA MAIN Optical path, earth-centered-angle in-

crement array

Ali MALN Scattering point altitude array

ALAM PHASEF Wavelength

ALL SOURCE Lunar albedo array

ALIT PHASEF Altitude

ANGD SSCEO Optical path zenith

ANCF MAIN User supplied phase function scattering

angle array

ANGLO SSGLO Straight line approximation of solar zenit
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Aiguiiict lisi
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TIIETAO - ijbseiver latit~de'
PH110 - observe~r long itutde
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by (tic observer anIi the subtit'a~r Iiii
IARBO -arbitrary initialaimujfth~l [Ing

-0 a ZiMUtla are tIfL arbi trary
-1 path azimuth is arbitrary
2 8olar Azimuth is arbitrary
3 both azimuths at- arbiliaty

jChiange flign Counventio at ic PSIPOi
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Figure 1B2 Flow Chart of Subroutine PSTDEl.
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BETA - angle subtenled at. Lhc carth's center by tie

observer and the scattering point
IARIIU- arbitrary initinl azimuth flag
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Figure 1,5 Flow chart of function SCTANG
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Argument list -

IPH - jod id•te., ohabC f u1C. tiOn type
IK - Bcattertng layer index
IKMAX - total number ot scattering layerH

MTZL... -" indicates that scattering point is in shade
IPATH - indicates type of path
V - wivenumber

SLJNSSR scattered radiance sum

IA__ --- ~rg L-path, initialize radianceum t rj
It tjransimitsalons and phase fuioctiona

IPTH 2Curren r L-paTh, save total tranmsio
LHATH~ - - and phase functions

IPATH 3 ,utrent opticaL pathi, define icattering
t.ransmissions and transmission differences

SLJMSSR - 3UHSSR + contribution from current
scattering layer

Set variables for the previous transmissions
and phase functiona to the corrent values

iRel urn t

Figure BO Flow CharCt Of subroucinfe SSRAD



Argumoent 1 iNt
VV - wV"nulb-r

ISQOURC - indicates -nur-: type; 0 for "un, I tor moon

IDAY - day of the year

ANGLE - phase angle of the moon
SS - extraterrestrial source intensity

T he extraterrestrial source intensity is stored in ESUN(210)
at the 210 wavelengths in VSUN(210). Lunar intensities are
based on the solar intenuity, the lunar albedo stored in ALB(29)
and the lunar phase function stored in PITS(17).

[ .0000/VV
ISOURC 0 -

= i -i

=" f(ANGLE).

SFALB� L(V)

ICALL.

ItRHT f(IDYvI SS AI.I 1 ] I

]iitr, B7 Flow chart of subroul-ine SOURCE
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At gurti-I 11,
TI,-IAS -

Pill. - sabsolat luLIgitude
TIME - Gree•wich tirme

IDAY - day of the year

F Declination angle and equation of time data

are Atored in DEC(25) and EQT(25) tor thc 2,

Lda, a stored in N4DAY(25)

EQTIME - f(IDAY)
DECANG - f(IDAY)

TIIETAS DECANG

IL
F IgIu B8 F low chat of sun ÷L ] _-

Figure B8 Flow chart of subroutine SUBSOL

4L

Im
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A.igument listwvenumber

ALT - altitude
ANGLE - scattering angle

RI - relative humidity
PIIFA - aerosol phase function

t |umidity, wavelength and scattering grids are'
stored in arrays RIIPTS(4), WAVE(27) and ANC(34)j

PIEIFA -=: 0

[~1= 0>---4 S ,0oTov

L ANLE 0 rAN L~~,~~ .1-P prnt nesa

AM<WAVECI orALAM WAVF27) SET-iOhP Sage-1

A LT 2 ... . [ A L T 10

I_ 1AZE 7 -- Write message, continue with PIIFA O. I Troposphericod

MFAZE 0 or i17iAZE =- 7
___LT 30

--- J .tratospheri, ..del

Vo 0o 2 km li dependent aerosol a mode L __

T M •eteorir m'en l
Determino TRIILO and IRHtII, the bounding -

relative humidity indices. If R11 corresponds
exactly to oný of the humidities in RHPTS
aet IRHLO - IRHIII

Det.rm.ine bonindiry layer aerosol model type, P

L-i.e. rural, maritime, urban or tropospheric

...... - - - - -- --... .-.. ..... . .. . . . . ..._... .... ..
SA e rn a, ] ni , d e l ir ilb e.r M MI N N O ) + IR M AI,.

0 

--

Figure 09 Flow chart of subroutine PHASEF



[D Ptexmine IANGI ýod IANG2, the bounding
scattering angle indices. If ANNCiE correa-
ponds exactly to one of the angles in
ANG set IANG1 - IANG2

Determine LWAVI and IWAV2, tho bounding
wavelength indices. If ALAM corresponds
exactly to one of the wavelengths in
WAVE set IWAVI - IWAV2

"acI -IWAVI - IWAV2 1AN~l TANG2 >No interpolation necessary

"I - TANG2 / nterpolat-einI--,I !angle
Interpolate in both Interpolate inl

angle and wavelength wavelength

ALT > 2 or NN > 17 or IRIILO - IRHHI

Repeat procedure at upper bounding
humidity and call INTERP to deteýrine

Fthe value at the desired .humidity

Figure B9 (cont'd)
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Argument list

NN - aercsol model number, - 01, 02, ,.??71 - avelength index

J - Ccattering angle indox

P.. ARC

Figure BIO Flow chart of function PF

There are 22 subroutines of thio form
namely; PF01, PF02, ... PF22

Ar giient list
ARG - desired phase function value
II - wavelength index
JJ - 8cattering angle index

Ph- iso' unn,_tion dat a for aeroet, l model
onumh, 14N is stored in array X(I,J)

2! -'v,.lengths and 34 scattering ntgl ca

ARC,. - 1,.-

Figure Jll Flow chart of subroutine PFnn

ArguentL list
INTYPE -Idictdcat jItex polat ion wethod

"J tor linear intterpolution

" 2 '- lvguaithmic interpolation
X independent variable
SX1 - lower bounding value of X
X2 - upper bounding value of X
F - desired function value at y
F1 - function value at Xl
F2 - function value at X2

I1TYPE INTyPE]

[IF. 0 ur F2 s . ITYE I

ine ilogat-ithmitc inttolato

FiLgure B12 Il"ow clhart of subroutine INTERP
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VARIABLE FIRST REFERENCE DEFINITION

ANGLE SOURCE Lunar phase angle

ANGLEM MAIN Same as "ANGLE" above

ANGLST SSGEO Solar zenith

ARIL MAIN Relative humidity array

ATHETA MAIN Optical path zenith angle array

AZ SEGEO Layer boundary altitude array

BENDNG SSGEO Solar path bending

CORR SSCEO Solar path bending correction

DEC SUBSOL Solar declination angle

DELO SSGEO Angle subtended at the earth's

center by the observer and the
subsolar point

EQT SUBSOL Equation of time

ESUN SOURCE Extraterrestrial solar intensity array

F MAIN User supplied phase function array

FALB SOURCE Lunar albedo

FORBIT SOURCE Solar elliptic orbit factor

FPHS SOURCE Lunar phase function

MAIN Asymmetry parameter, see user's guide

lANGI PHASEF Lower bounding angle index

IA1-G2 PHASEF Upper bounding angle index

IARB SSGEO Flag indicating arbitrary azimutlh

IARBO SSGEO Flag indicating arbitrary inital azimuth

IDAY MAIN Day of the year, see user'sguide

IPARM MAIN Control parameter, see user's guide

IPATH SSGEO Flag indicating straight or L-path

lPH MAiN Control parameter, see user's guide

4 R11111 PHASEF Lower bounding relative humidity index

IRHILO PHASEF Upper bounding relative humidity index

1SCTTR MAIN Control parameter, see user's guide

1SOURC MAIN Control parameLer, see user's guide

ITZERO TRANS Flag indicating that scattering point
is in the shade

IWAVI PHASEF Lower bounding wavelength iadex

IWAV2 P RASEF Upper bounding waveletegth imdex

NANGLS MAIN Control parameter, see user's guide
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VARIABLE FIRST REFERENCE DEFINITION

NN PIRASEF Aerosol model number

Pi MAIN Aerosol phase function array

PAL. SSRAD Aerosol phase function at previous

scattering point

PAER2 SSRAD Aerosol phase function at current

scattering point

P,%RMl MAIN Variable input parameter, see user' s
guide

PARM2 MAIN Variable input parameter, see user's
guide

PARM3 MAIN Variable input parameter, see user's
guide

PARM4 MAIN Variable input parameter, see user's
guide

PHFAl PHASEF Phase function at lower bounding
relative humidity

PIIFA2 PHASEF Phase function at upper bounding
relative humidity

PHIO SSGEO Observer longitude

Pills SSGEO Subsolar longitude

PHs SOURCE Lunar phase function array

PMOLI SSRAD Molecular phase function at previous
scattering point

PMOL2 SSRMD Molecular phase function at current

scattering point

PR MAIN Molecular phase function array

PSIO SSGEO Relative azimuth at the observer

PSIPO MAIN Line of sight azimuth at the observer

PSI$O SSGEO Solar azimuth at the observer

P1SIST SSGEO Relative azimuth

RAT SOURCE Solar ellipic orbit factor array

RH]) Relative humidity array

RlP'Ts PHASEF Bounding relative humidities array

SANGLE SSGEO Scattering angle

SS SOURCE Extraterrestrial source intensity

SUMSSR TRANS Total scattering single-radiance
at the observer

TASPI S3RAD Aerosol scatter transmittance at
previous scattering point
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VARIABLE FIRST REFERENCE DEFINITION

TASP2 SSKAD Aerosol scatter transmittance at currnnt
scattering point

TEBI SSRAD Total extinction trasmittance at previous
scattering point

TEB2 SSRAD Total extinction traasmittance at current

scattering point

THETAO SSGEO Observer latitude

THETAS SSGEO Subsolar latitude

TIME MAIN Greenwich time

TMSPI SSRAD Molecular scattering transmittance at
at previous scattering point

TMSP2 SSRAD Molecular scattering transmittance at
at current scattering point

VSUN SOURCE Wavelength array corresponding to
to the solar intensity array ESUN

WATIIS MAIN Cummulative absorber amount array for
the solar paths

143



APP'ENDIX C: LOWTRANSX USER'S GUIDE

The instructions for using LOWTRAN with single scatLering are very

similar to those for using LOWTRAN 5. The parameter ISCTTR has been added

to the LOWTRAN input card 1. Control card 2A which contains all of the

single scattering parameters (with the exception of ISCTTR) has also been

added. The format of the new card sequence, definitions of new input

parameters and a sample run are presented in this appendix.

C.1 Input Data and Format

The parameters required to specify a particular problem are contained

on the four or five (if single scattering is included) input cards as

fo lIlows:
0

CARD 1 MODEL, lHAZE, ITYPE, LEN, JP, IM, Ml, M2, M3, ML, IEMISS,
RO.0 TBOLINI. JSEASN. IVI]ICN. ISCTTR. VIS

FORMAT (1113, 2FI0.3, 313, FlO.3)

CARD 2 HiL, H2, ANGLE, RANGE, BETA
FORMAT (7FI0.3)

The following card must be included if ISCTTR = 1

CARD 2A PARMI, PARM2, PARM3, PARM4, TIME, PSIPO, ANGLEM, G, IPH, IDAY,
ISOURC, IPARM

FORMAT (8F7.2, 413)Si
CARD 3 Vi, V2, D)V FORMAT (3FI0.3)

CAR D 4 1KV FORMAT (f3)

* i MODEL = 0 or 7 (user supplied meteorological data) the above card

sequence and format for CARD 2 is changed. The user is referred to Reference

1 for a complete description of these cases.
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C.2 Basic instructions

IL is assumed that the user is familar with all of the earlier LOWTRAN

control parameters as described in Reference 1. The following discussion

deals only with the new parameters and their effect, if any, on the original

ones.

CARD I Remains unchanged except for the addition of the parameter
ISCTTR defined as follows:

ISCTTR = 0 The program runs in the usual transmission or
emission mode. Single scattering effects are
not included, and CARD 2& must be omitted.

ISCTTR = I The program must: be run in the emission mode
(IEMISS = 1). If the user has specified ISCTTR= i
and IEMISS = 0 the program automatically sets
IEMISS = 1 and continues. CARD 2A must be included
in the input card sequence. Single scattering in-
tensity calculations are performed, and the results

are written on TAPE6 and TAPE7.

CARD 2 All parameters as defined in Reference 1.

CARD 2A PARMI,PARM2, PARM3, PARM4, TIME, PSPO, ANGLEM, C, IPH, ISOURC,

IDAY, IPARM

Definitions of PARM1, PARM2, PARM3, PARM4 determined by value of IPARM.

For WPARM = 0

PARMI = obscrver latitude (-90 to +90)
Note it ABS(PARML) is greater than 89.5 the observer is assumed
to be at either the north or the south pole. In this case the

path azimuth is undefined. The direction of the Iine-of-sight must

be specified as the longitude that the path lies along. This quaotity

rather than the usual azimuth is read in.

PARIM2 = observer longitude (0 to 360)

PARIM3 = source (son or moon) latitude, see note regarding sun angle

PARMA4 - source (sun or moon) longitude
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For IPARM = 1

(TIME must be specified, cannot be used with ISOURC = 1)

PAR141 = observer latitude (-90 to +90)

PARM2 = observer longitude (0 to 360)

PARM3, PARM4 are not required

For IPARM = 2

PARMI = azimuthal angle between the observer's line of sight and the

observer-to-sun path, measured from the line of sight, positive

east of north, between -180 and 180

PARIM2 = the sun's zenith angle

PARM3, PARM4 are not required

TIME = Greenwich time in decimal hours, i.e. 8:45 am is 8.75, 5:20 pm

is 17.33 etc).

PSIPO = path azimuth (dege.as east of north, I.e due north is 0.0 due

east is 90.0 etc.

ANGLEM = phase angle of the moon, i.e. the angle formed by the sun,

moon and earth (required if ISOURC = 1)

G; asyrmnetry factor for use with H.G. phase function

IPH = 0 Ilenyey-Grecnstein aerosol phase function

IPH = I user supplied aerosol phase function

Thc useri stipplied phase function data follows inp,..t card 2A amd m,.•os,

have the following format:

CARD 2B NPTF I FORMAT (15)

CARD 2C ANG(1), F(I, 1), F(2, I), F(3, 1), F(4, I) / FORMAT (5E10.3)

CAR D 2C is repeaLed NP1T times

The variables are defined as follows:

NPITF - the number of scattering; angles at which the phase function is
to be specified. NPTF < 50

ANG(I) - the 1'Lhi scattering angle at which the phase function is
specified, 0 < ANG(l) < 180 (in ascending order)
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F(n, I) - the value ot the phase function at the l'th scattering angle
in altitude region n.

n= 0 to 2 km region
n = 2 2 to 10 km region
n = 3 10 to 30 km region
n = 4 30 to 100 km region

- scattering angle index, I varies from 1 to NPTF

IPH = 2 MIE data base used for aerosol phase function

ISOURC =0 extraterrestrial source is the sun

ISOURC = 1 extraterrestrial source is the moon

IDAY - day of the year; value from 1 to 365

IPARM indicates method of specifying the observer to source orientation

=0 specify observer and subsolar longitude and latitude

= 1 specify observer longitude and latitude along with date
and time

=2 specify solar zenith and azimuth relative to observer

Note the following sign conventions:

Latitude is positive north of the equator.

Longitude is positive west of Greenwich, Eng.

Azimuth is positive east of n0orth.

CARD 3 all parameters as defined in Ref. 1.

CARD 4 IXY

If ISCTTR = 0 the definition of IXY remains as in Ref. 1.

IF lSCTfR = 1 cards 2 and 2A are treated as a unit as far as the
IXY parameter is concerned.

I

IXY = 0 to end the program

IXY = I to select new cards 3 and 4

IXY = 2 to select an entirely new data sequence

IXY = 3 to select new cards 2, 2A and 4

IXY = 4 to select new cards 1 and 4
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If thle user specifies IXY = 4 and ISCTTR = 0 on the original inpuL

card sequence, ISCTTR must remain unchanged since no CARl) 2A has been

or would be read in. Therefore, the only way to change from ISCTTR = 0

to ISCTTR = 1 is by specifying IXY = 2 and supplying the entire data sequence.

As an example, if the user desired to specify various geometrical configu-

rations (optical paths and sun positions) the following card sequence

could be used:

CARD I

CARD) 2

CARD 2A

"CARD 3

* CARD 4 IX•' = 3

CARD 2

CARD 2A

CARD 4 IXY = 3

CARD 4 IXY = 0

Thc final IXY card must. be zero (or blank ) to ensure proper termination

of the program, There are no defaui.t conditions built into the single scat-

t*ering routines of the LOWTRAN code.

C.3 Solar and Lunar Sources

The extraterrestrial solar intensity is obtained from the data coipil ed

by Thekaekara [Ref. 34]. The lunar extraterrestrial intensity is obtained

by refl(ccti ug the sol-il intensity off of the nioon's surface as [Rcf. 35].

.Ioorl(A) = 2.04472 x 10-7 1 SUN(,) a 0) 1 (Y).
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Here ct(X) is the wavelength - dependent geometric albedo of the moon

[Ref. 36 and 37], while P(y) is the moon's phase function giving the re-

lative intensity as a function of the phase angle [Ref. 38]. Note that

P(y = 0) = 1 for a full moon.

C.4 LOWTRANSX Example Run

An example run of LOWTRANSX will, serve to illustrate the structure and

format of the input and output files. The input "file" consists

of three records. The first record contains the job control language necessary

to access, load, and execute the program. LOWTRANSX is structured to allow

segmentation during loading to reduce central memory requirements. The

structure of the segmented program is defined by the directives in the second

record. The third record contains the input cards that describe the example run.

The pnrticular input file shown defines a line of sight from 2 Km to 5 Km

altitude, at a zenith angle of 45 degrees and azimuth of 30 degrees. The

observer is located at 40 north latitude and 160 degrees longitude, which

the subselar point is at 40 degrees north latitude and 240 degrees longitude.

Details of the atmospberic composition and wavenumber region of interest

are relatively unimportant arid will not he described here. The output file

is similar to the one produced b5 the original LOWT,.AN code. Additional output

pertaining speciflically to the single scattering radiance calculation is

clearly labelled and includes:

I. A summary of the single scattering control parameters followILng

the standard LOWTEAN summary,

2, A summary of the geometric aspects of the scattering point to sun

paths and,

3. Both scattered and total radiaLnce as additional entries in the

radia-Ice t ab I ,ý n!-M l-y I)rod(iced by LOWTRAN.

A l[stLng of tire exaiirle run outptjt tile is shown on the foeliowing pages.
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C.5 Concluding Comments

Before executing the program in the single scattering mode, the user

should be made aware of the following characteristics of the code:

1. Execution time can be expected to increase when operating in the

single scattering mode. This is largely a result of the following:

a) The code must be run in the emission mode.

b) The geometry routines are called once for each scattering point
to sun path (i.e. at each layer boundary contained in the optical
path) in addition to the single call normally made for the optical
path.

c) The transmittance calculations are done twice (rather than once)
for each scattering point along the optical path.

For most applications one can expect the run time to be about twice

as long in the scattering-emission mode as in the emission mode alone.

2. To avoid unnecessary and misleading calculations the user should

review Chapter 4 of this report regarding the validity of the

single scattering assumption,

3. Depending upon his specific interests the user may or may not want

intermediate results printed. For this reason modification of the

printed output is left to the user.
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4 LONTRANSX Example hiput File (CD~C NOS/BE Operating Sys5tem Only)

SCA.M OC O ?T1S MOOSE
-ATTACKfL3W3,LOWXSS~t13MISO-:,Mwrl)
ATTACH( GEO , LOWYSSGID3T0'qOSr*, MP=jI

REOLJEST LOWDtJT .*OF.

MAP, P8IT.
LDSE7, P ES -rT ~I NOE`

Sý GL OAD.
FY~'-UT-,L0WE`I.
EXITT E)
CATALOG IT A3-- . LOWYSsrEP7-1I1 "031E)

R -- E~T q1,'II 3UT *.--

IJPTL N , JUI- U I -L FU1?tU I
C4 ALO (NL nW0J TL S 3 T A 0 ~Pt1,D M10S~f .ý V :L~TPI

LOTRAN T~ rr N-Snt ~ f-:'? F

NSMIS INGLJO: NS40S,Ai-'FER,.aOFl)TCO~
Hj-A - I N- 3 u

Sop S EzOIN- L J E SSM ,G= sinL I,0L, T'' 1F

S'6G 0~ GL)Fk--------------...............
EY mI -N- l X ?1 , X 3 -

TRANSDo 114' *CO i.D- PN, rR Xu49A OU:&

-T ASGIA SZ0SV--
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APPENDIX D: INPUT ANGLES FOR TILE SUBSOLAR POINT

The user has the option of specifying the orientation of the sun by

direct input of the subsolar longitude and latitude, i e. that point on the

earth where the sun is directly overhead. To find the subsolar point angles,

the sun's declination angle and the equation of time are required. The de-

clination angle is defined as the longitude at which the sun is directly

overhead at solar noon. The equation of time represents the difference

between local (standard) time and true solar time. The American Ephemeris

and Nautical Almanac published annually by the U.S. Goverment Printing Office

contains precise values of the declination angle and equation of time for

each day of each year. For illustrative purposes consider the sample

data for a single year, taken directly from Reference 39 and shown in Table

DI and graphically in Figure Dl. With this data, it is a simple task to

determine the. subsolar point angles. An example follows:

THIETAS ,;ubsolar latitude = the sun's declination angle

FPilS subsolar longitude STM + 15* (ST+ET-12.0)

where,

STM the standard time zone meridian in degrees. The standard

time zones for the continental U.S. are Pacific - 120,

Mountain - 105, Cental - 90, and Eas.ern - 75,

ST local (or standard) time in hours, expressed as a decimal

number between 0.0 and 24.0 (i.e. 2:40 PM would be 14.66).

Note, if a region is on daylight savings time the correct

time is one hour earlier.

' = equaticon -of time in hours.

As an example: ----

1'etorine.1C the subsol ar point angles on October 13 and 1:45 PM Central

SLandard Time.
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Im

Solution:

From Table Dl -

declination angle -7 dog 29 min = -7.48 deg

equation of time = +13 mim 30 sec = .225 hours

Therefore -

THETAS = -7.48

PHIS = 90 + 15*(13.75 + 0.225 - 12.0) = 119.63 degrees
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Dccli- Equation Dech- Equation
nation ol tune nation of Lilne

Date Deg Mm Min Sec Date Deg Mm Mm Sec

Jan. 1 -23 4 - 3 14 Feb. 1 -17 19 -13 34
5 22 42 5 6 5 16 10 14 2
9 22 13 6 50 9 14 55 14 17

13 21 37 8 27 13 13 37 14 20
17 20 54 9 54 17 12 15 14 10
21 20 5 11 10 21 10 50 13 50
25 19 9 12 14 25 9 23 13 19
29 18 8 13 5

Mar. 1 7 53 -12 38 Apt. 1 + 4 14 - 4 12
5 6 21 11 48 5 5 46 3 1
9 4 48 10 51 9 7 17 1 52

13 3 14 9 49 13 8 46 - 0 47
17 1 39 8 42 17 10 12 -*0 13
2 1 -o 5 7 32 21 11 35 1 6
25 + 1 30 6 20 25 12 56 1 53
29 3 4 5 7 29 14 13 2 33

May 1 +14 50 + 2 50 June 1 +21 57 4 2 :27
5 16 2 3 17 5 22 28 1 4 '
9 17 9 3 35 9 22 52 1 6

13 18 11 3 44 13 23 10 + 0 18
17 19 9 3 44 17 23 22 -0 33
21 20 2 3 34 21 23 27 1 25
25 20 49 3 16 25 23 25 2 17
29 21 30 2 51 29 23 17 .3 7

Jiuly 1 423 10 - 3 31 Aug. 1 +18 14 - 6 17
5 22 52 4 16 5 17 12 5 59
9 22 28 4 56 9 16 6 5 33

13 21 57 5 30 13 14 55 4 57
17 21 21 5 57 17 13 41 4 12
21 20 38 6 15 21 12 23 3 19
25 19 50 6 24 25 11 2 2 18
29 18 57 6 23 29 9 39 1 10

Sep. I + 8 35 - 0 15 Oct. 1 - 2 53 +10 1
5 7 7 + 1 2 5 4 26 11 17
9 5 37 2 22 9 5 58 12 27

J
1  

A 4 ZS 43 45 13 7 29 30
17 2 34 5 10 17 8 58 14 25
21 + 1 1 6 35 21 10 25 15 10
25 -- 0 32 8 0 25 I1 50 15 46
29 2 6 9 22 29 13 12 16 1(

Nov. 1 -14 Ii 416 21 Dec. I -21 41 +11 16
5 is 27 16 23 5 22 16 9 43
9 16 38 16 12 9 22 45 8 1

13 17 45 15 47 13 23 6 6 12
17 18 48 15 10 17 23 20 4 17
21 19 45 14 18 21 23 26 2 1i(
25 20 36 13 15 25 23 25 4 0 20
29 21 21 11 59 29 23 17 - 1 34

Tiblle 1)] Tabular example of the equation of timej.
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THE ANALEMMA

+ Suni fast Equation of timne (minutes) Sun slow

255

45 ~ 3 is__ _

5~~~2 -__-__-__-__-__-__-__-

Figure i Graphcal equtio--ftie
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Appendix E. Original Adding/Doubling User's Guide

* W+,, S MANUAL FOR ADDING CODE VELSION 8.2 OF 02/02/80

* YANIUAL LAST UPDATED - 02/17/80 by Ajay Sharma.

i INTRODUCTION

The ADDING code VERSION 8.2 computes the following scattering
functions

+ + ,S T +

s 3 F' F'

c (a- a ) and f+

These functions are calculated from Equations (2.42)-(2.66) and (2.30
0as described in Chapters II and III and Appendix 2 of Ajay Sharma's
thesis. in addition, this program calculates the emerging inteensitie
and one-sided heat fluxes for problems with given temperature profile
(see Chapter IV of the thesis). The program is capable of calculatin
any Fourier, component of the above quantities for plane-parallel,
ao Iso5tropic scattering: irico goredus media bound by top .n.d b o
Furfaces with arbitrary specified bidirectional reflectivJty or
direýctlonal emissivity, at a given wavelength.

2. U Bl. PLY INABLE FUNCTIONS

T.his v('sion of ADDING code has FIVE subroutines and function
subprcirams that specify various media and surface condit ions.The (XUI XM, FUNCTION OMliýGFUN (T),
I he five are PUNCTION PHASFN (XfU1 X1U2),
FUNIC'•ON ASYFUN (T), FUNCTION TMPFUN(T) and SUBROUTINE SURINP.

riun time althougn some of them may not be called or used.
All of these can be repaaced by the users to suit their needs.
Th e function of these routines is as follows

A. FUNC'TION OI,!GFUN (T)

Thjis user d'ef-ined function subprogriam supplies the ADDING code

with ,hue singie scattering albedo c as a function of the
op)tical &coth '. Any ar'bitrary w profile can be s_-pecified.
Tihe foi,,t iw,. :'t set OMGFUN = val Je of' w at out. jcal depth T.
Tl is •u's". on, i- a c lled ONLY if' or ga Js spe cif'led 1-1s bt-jrjig,
~ ii~oiiog'_mou s by .NHOM) param-t r dIiscu ssed in Section 5.
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C 1)iý1,.,.'§-jON ASSYFUN (T)

,Aould _,rc-ci fy the value of' alsy~iLcetJy factor for the scattering
pl ase f`L?`Ct ion1. The use of th~is function is 1linked to the use
of He~c-r~ltilpha~se functtion. The function Is callIed only

if:.iiioinogeneouls aSyjm(-try fac icr i.s spec ified by 1 UHO111O -

C.FUNCTION TMPFUN (T)

For a nonisothermal case, this function should return the mled lum
* temperature (degrees Kelvin) at optical depth Tto be used in

intensity and heat fluxc calculations in direct problems.

D. FUNCTION PHA.SFN (XMU1, XrAU2)

Can be replaced by the uiser to opecify any scattering phase
function other than H.-G., but associated parameters will have
to be carefully checked.

E. SUBROUTINE SURINP

This rout ine can be replaced to specify any arbitrtary reflecting,
erni .trirg or' scititeiring bottomr surface. The replacement routine
[,u,-t sct funict-lon values :is descri-bed in the com~ment, cards, at, the
beg~inninig of' the example SURINP routine supplied with the deck.

YNOTE that B.Iacjk sii-rfaceCs, sufaces, With k.nown emi ssivlty anid
a "ieflect ioi. pueakyiuss-ý paramet~er", or surface.- with known
biJdji~ect icnsl. reflectivity can be handled by cxist ing routinies

by sociyin ISEF s 1 2 rid3 respectively. See Section 6
of thi,- iranual for detajils.

3. E-1XTERNAL ROUTINES(7 USED BY ADDI NG CODE.

11he ADDILNG code, use:S I'jVe library routines - QA05AD, IFDOIAP.,

4 1~fT CFUTiIM and ERRSET. Their functions anid needae
de~scribcd in t. he coiliment cardCS in t-he bc'gi neirigq of tICJ Nf IN

1A. INPUT/OUTPUT FI LES,

APNCVlj-lW1 UN F. US21 es :,iny irput/outpul. files as es:i;c'jb(d inl

Iccommul:'n :AT hc 1,C Il ow ing i s a d~c' pt 1 orl C, f t lI ) phyN's I a
arj ~:i~tr.of t c

JJOi'L LY-'JN n', r) the' 'D~iR N ata Se(t hel'afC I,(-b lice k1 I it,

n ,n~'ii :"rAI'eD ~01''~a~~in
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* ~ ~ ~ : _~-,J iusea through a IiEAD(l,*) statemeit. to eniter a run
U Tel of upto 80 chiar,ýcters. The progilam also writcs

"I t eractive messages2 on this file. It is strongly
-ecommended that this file be th-e_ usýer TER1iMNAL.

0?E Is an INPUT file fi-rom which the piogojtrar carn read onev_
card lonig equations definirqg 0113FUN, !A5"'?YFN and Tl>D FýUN,
respectlve-_ýy, on three Tcreu h ov sa's CTe
equation ar-e u:sed for lh0P'CiVE~ PUTl ONiY and have
nio effect on C. .-putat-ions.

DSI4W 05 PIJil~AAY IiNPUT file- for the proeram, used through a
READ (5,CASE) input, statement (using 1NAMhE1,ST CASE) Hand

a ~~~for input Of 3Lurface properties by S..N/Ui2routines
asý necess.ary. The inputs on this file are descrIbed inl
dietail i~n Sections 5 'and 6 of this document.

D,, ?EN o06 PRIMARY OUTPUT file., used through many WRIlTE (6,
statements.. This file should usually be attached to the

0line printer. The printing on DSRN 06 15 controlled by
the parameter IOCTLl.

Shl11 Is an (C'JT'PUT file controlled by pa-rance-or IOCTLP and
WOulid c oita In unf oimatted ouitput records of the exiKjt ng

LI~~~~~~T AC s.Ii ~ ~ U'~~ nral
Tlsnloul1d be a disk or a taýpe file to work ri _-ht.

Typiica~l y thi- ouitput might, be read by another pvoLgrain
for' Ipot~ting purposes.

N)h 1'' i1S anl input./output file controlled 1by 30UCTL3 which
prould prefeably be a di.-k file. The ADDiNG code uses

this file to Lstore and retrieve BTA informatl, Ion, i.e.,
A)DDING can write su fficelent I foam onontis file t
the end of a run so that 1t- can add D5!>'Fi'LhE1NT ufcsat.

*cal led RiALXT Gin this doc'lnnent .Tile fI Le i I, ell
in subrýou~tines 11FAL'ER andi~ OlJTPF; (1lines 1,750 1l:- ;)
.~nd is road n) sulbr-outin~e 11,lI (1 >e'ý IT0- Q;

ueof this La fil purci at ralto P. N

D,": j /li)h WV fe ca all the funtons) computed on il fl
* tkirldul (cen1lt col o1f lOCTLLý. T';,e( out*pult. is uI2CLe n

1 o u 1d 1) e d2 i orII tap restd2erC 1 '(I't .T~vial \hi 1)(UrUt

111..........~ oh~ic l< 1 I' <: I'~s of nnoti)(.'
n o:~~~~' .~ 12 2 11:'Jo:3~ j . :.N :2 , L ro

1 hI *~i~' ±tz:'rut foi n



D:iRN 14 This file 4s used by ADDiNG tu wv ite the gencrated f arid
a fundct ionr using unfor'riatt,>d . !.(. These funct.ions can
later 1c r!ead by another pr, L71 im, 1'Of ' imnting or cewnut, i•Jg
purpose. The output on this I'ici js cuntrcclled by tne
IOCTL5 p;a:'ameter'. NOTE that t.his -s the ONLY file on
which these functions aru wvitte , ADDING does not w.ite

them or; DSRN 06.

5. PRIMA1 Y INFUT FAIHAMETERS

The following is a list of parameters together with their functions
which arc read in by ADDING using NAMEL1ST CASE from DSRN 5. If
aniy of the parameters are omitted from the input data, they take
the default values shown :

AIAME RANGE DEFAULT FUNCTION
VALUE

ASY -1.0 to 1.0 0.0 ASY is the asymmetmy factor "g" for the
H.-G. phase function and is used only
if ASY is specified to be IIOIIOgENEOUS
by INJ1OMO as desclribed below.

C -- GAUSS The C array contains the quadrature
weights for the angle integratiors. The
default values result in a Gaussian
quadrature. Thore sho•ld be N values
for this array if' the default is to
be overriden.

I)TMIAX ....- Variable not for u,-err modification.

1,DHLR 0.0 to TFI 1.0 Where T01 is the optical thi .•.ne s
('NOTLR) f or the first layer. This
v-•arab] e specifijes th e c function
spaciig desired. The j} I:'oi 'arn will pic' k
DTR, sus h t1. jt. D)'TB . I,}'. JI'' ( EL r a
1ITh = ''01 / (I' ** 1) wli( x' ] is-- an
iritger'

]UCJLl 1,2,3,4 , ] Contriol painuri.ter i'ou , imrwr'y output un
DiEJN 06. The c,"f'cct of ICM is] :
=1 : All I'unct, ioýl ' [-"' WAated aiV.

I'l' rIII~ud a lt~er' asO) ri (',luh I i
O: ly •tc•.-l7jt i.:I -ij l ,. t J1u ,:!s

a'e ] r ilelcd a t Iddi " ; u '"]Ic•, 1,i, v run
=3 : All furictiO n ''n(; ;p int d ,1

iig uptoc h I-ie r~I (~.)C
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6-

=4 : Only Intensities and Heat fluxes
are printed after adding upto final
optical thickness.

=5 : NO OUTPUT on DSRN 06 except the
header page.

]OCTL2 0,1,2 0 This parameter controls output on DSRN
331 as follows :
=0 1NO o-utput. is written on this file.
=1 output. on this file after adding

upto the final optical thickness.
=2 AND IOCTLI>3 : output on this file

"after adding each layer.

IOCTL3 0,1,2 0 Controls output on DSRN 12 as follows
=0: NO restart file is written or read.
=1 : Restart file is written for later

use by ADDING.
=2 : ADDING runs to only add a surface

* to medium whose properties were last
written on this restart file.

IOCTL4 0 or 1 0 Causes output to be written on DSRN 13
if IOCTL4 = i.

IOCTL5 0,1,2,3 0 Controls a function writing on DSRN 14
as follows:
=0 : NO output on DYSRN 14.
=l : Only the c and f functions written

after adding all the layers.
=2 : The c, f and a functions written

after adding ALL the layers.
=3 : The c, f, and a functions a~re

all written a-ter adding each layer.

3 NL]ON!O 0C], ,2,3 U;peel4 ?ies tic. mcd- urn as follows
* 1 j O-MOC . .... d I ur( , vaj uIs of A? Y
.,nd C",T Gfi - a r' both used.

=I : Urf cja i s I n]homegcr. ons and v., .
(, t..1;j d li- ur ONC E, N (T) a ' : u
OME;GA value jis. i Lri•''d.

L' : Asyrrhirmetry Factor is a-<;.umed to IL
Sinhorogereon s, vaolues fi'om A YFUM(
are used, ASY value is ignored.

=3 BOTlH ,,;imety f'actoi and , ,
J • - : (; d tO "[ C- 11 • n . "1ho-()rr ',o :

SUI F (11 2,11 0 i Fc i fu• I -;oI cota 50:'0c, tC' be a(jJci
* Smb (3 .d '.( U ~o! in see .cio 6. ]£ on l0i.

4 ('.4 ,n 5.dh'c.' 0 aou',.

] 6's



=2 A r'eflecting surface with GIVEN
directional spectral emIssivity and
peakyness parameter is to be added.

=3 : A reflecting surface with given
bidirectional reflectivity is aaded.

ISURFT 0,1,2,3 0 Specifies top surface to be added, SEE
discussion in section 6. if ISURFT
=0 : No top surface.
=1 : BLACK top surface to be added.
=2 : A reflecting surface with GIVEN

directional spectral emi.ssivity and
peakyness parameter is to bc: added.

=3 : A reflecting surface with given
bidirectional reflectivity is added.

N -- 1 Fourier component number.

3 3,2,..,10 7 Number of Quadrature points to be used.

NONISO 0,1 0 If medium is nonisothermal INO0NISO=l.
Also then TMPFUN (T) would be called to
specify the temperature profile.

NLAYER 1,2,..)40 1 Number of medium layers to be added.

oM ,EGA 0.0 to 1.0 0.8 Albedo (0) for the homogeneous case.

REFIDX 0.0 to -- 1.0 Medium refractive index.

TM}PRM 0.0 to -- 325.0 Medium temperature (deg. XK) for iso-
thermal media with surfaces,

1IVIPSUR 0.0 to -- 325.0 BOTTOM 3uirface temnpera~ture (deg. K).

TMPSUT 0.0 to -- 325.0 TOP Surface temperature (deg. K).

STNO¶LR -- 1.0 A vector of NLAYER numbers giving the
4 optical thicknesses of all the NLAYER

layers to be added. The final optical
thile rs s is the sum of these numbers
Note that; each layer can be of any
optical t1,crJCcss as long; as it is
such that TNOLB(3):(2**I)*DTRLR Lor
all J and any integuer 1.

WAVI,'LJN 0.0 to 5.0 Wavel ength at w]hich all calculations
are to be d one in 31]ChCN S

2URImACE PRO!PERT) ES See Section 6.
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When the input daita pjecifies ISURF as -,j, thcn that implies That
a nEFLECTING surface Is- present at the boc~t i .m of The medium. In that
case NOTE THAT THlE ADDING PACKAGE MIUST USE c-furction integrations for
intensity calculationis. This m-eans that the user, must be careful
about specifying c function spacing (DTRLR) and also in writing
su--bprogram TMPFUN. Even If the medium is 5pecific'] as isothermal
(NO0NISO =0), in the case of adding a reflecting surface, TMPIFUN would
be called during the surface adding step. Therefore TMPFUN must be
D-)FlNiSD to be equal to the m~edium temperature.

The second im~portant point to note in this case is that the primary
i.n- ut file on DSRN 0'5 must contain ADDITIONAL DATA, after the NA1MELIST
CASE da-ta cards., as follows

IF iS3URF =2, ttne ADDING package reads a 'peakyness parameter'
(-P) aind the Emlssivity vector. The read statement for this is In

SUBRUT'E SURIN2 and it uses the List Directed Input facility of IBMUBOUTIN. Theinput should contain CP value followed by emissivities
at all quadra.uure angles. An ISOTROPIC (diffusýe) reflector is given
by CP-= .' and a perfect SPECULAR reflector by CPl1.0. Values of CF
bet-'-ween 0.0 and 1.0 specify a su.-face with speculari-diffuse nature.

j.11 lE"U'R? the prog0ram- reads the bid1rirectiona1 rcflec-tivi~ty, (p), in
(XbRC;ýUTINE 3UIRINP, The Input should contain only the UPPER TRIANGULAR
matrix as RHO satisfies reciprocity relatlion. Each I-th row of the
m-atrix input, should bugin on a NEW LINE and should contai~n values of
RiiO(i1l), ROlT)......., 13H0(l,N); although one row can occupy
m or~e than one input line if neccessary. The input again uses the
IiL~vl FOR'ThAN's list directed input facility.

TLOY SIbRFAC. When the Input has ISURI~T.GT.0, then ADDING assumes
th-e prcsencc of' a top surface. This sucface is specified exactly 111(e
1,h1 bottom Surface is, with the tempeirature given by TMPSUT. The
comiiments about surface pl'oper~ies iripulu apply to the tup sur-face alEsc.

NOT' -" that if BOTH TOP AND BOTTOMv SUF1FACES ARE PRESENT, the input on
DCR--IN 05 must contain TOP sur face emi ssivity/refi-ectivity 1FiRST,
Volc)1I~2d by properties of the bottom surface. Of cours,SC if ISU)RP'1

less; than 2, no data is needed for the top surface.
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APPENDIX F: USER'S GUIDE FOR ADDING/DOUBLING PACKAGE FOR EXTERNAL
ILLUMINATION.

This appendix describes the package of three computer codes which uses

the ADDING/DOUBLING method to compute multiple scattering diffuse inten-

sities. The three codes are designated ADNGFFT, ADNGV90, and ADINTEN. They

have been designed to run in sequence using temporary intermediate storage

files which are not normally saved once the run is completed. The codes

perform the following functions:

ADNGFFT: Transforms the user-supplied or lienyey-Greenstein phase
functions into sets of phase matrices for each layer and
each azimuth Fourier component based on a set of zenith
quadrature angles.

ADNGV90: Computes the exterior and interior scattering matrices for
an inhomogeneous multilayer atmosphere. Each matrix re-
presents the response to a single Fourier component of the

external radiative source.

ADINTEN: Recombines the Fourier components of the diffuse scattering
intensity to produce the azimuth and zenith angle dependent
intensities for each source zenith angle.

The codes use monochromatic scattering and absorption data appropriate

to a particular model atmosphere. The required data would generally be

provided from line-by-line molecular absorption calculations and aerosol

scattering and absorption data. Specifically, the algorithm requires (1) the

optical thickness of each scattering layer, (2) the layer sinegle swattpring

albedo, and (3) the phase function for single scattering in each layer. The

multiple scattering geometry is plane-parallel and the codes simultaneously

compute intensities at up to 10 upward and 10 downward observer zenith angles

for up to 10 different solar zenith angles. The number of azimuthal orienta--

tions or angles can be set by the user, but must be 65 or less. The number

of Fourier componlents generated by the COSINE FFT (Fast Fourier Transform)

will be the same as the0 number of azimuth angles between 0 and 180 degrees
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which are used. The accuracy of the computed intensity at any angle will

tend to be uncertain if fewer than about ten Fourier components (angles)

7 are used.

F.1 PROGRAM 1, ADNGFFT

The ADNGFFT code augments the main Adding/Doubling calculation by

preparing layer-by-layer phase function data for use by ADNGV5O. The

program allows a different phase function to be used with each atmospheric

layer, if desired. Each phase function is first prepared as a numerical

function of the included scattering angie y. This furction can be directly

read from File 5 or calculated from the Henyey-Greenstein form with any

chosen asymmetry parameter g, that is

2
P(g, y) = - - .

1i + )- - 2g cos IZ]

The phase function is next evaluated in terms of the incident and scattered

zenith angles 0. and 0V, and azimuth angle ý separating the two verticalJ 1

planes (reference and sun planes) by the relation

C. . -. -- cos * 1 F, -)

where I cos 01 od I. = cos 0 This gives P (g, (')(or more precisely

q-• -- 4- -S. ... j and P = P , for forward and backward scattering, re-
ii 1 J -J L~I

spcctijvely)* lor a set of quadrature zenith angles defined ou the hemisphere.

For e;lc;h p f iof quadra'.ture points (i, j) , 1 *i- and P.. are funcLions of

the wz tiiitith angLe :L', ;iiid Fast. Fourier Trans I ornis (FF2,'Ts) can be carried out

successively so that the • dependence is replaced by the Fourier component

-'aro suveln qliidrature aug lgen thin phi'in Il iCet ion is a 14 X 14 ni-raY. SinCe

s•naLtat iing d ap 'I]ds oi) IV on) the ilc n tided angl.a., i:he four ealr0er sublm, t|-lri CcUt'-;

( Pike 1H, 0c) ar,' rclated. T[lie stpet-sCr i tLtS stand tar probe-responJse ditee' L c( i s.
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index n. The actual. FFT is performed by the subroutine TFC which is described

below.

SubrouLWCe TFC

Purpose

Given a finite Fonmier cosine series

2n-i
X. 1. 1 1 C

J - o 0 k n. 2 2n

(j 0, 1. 2n)

the subroutine performs the following coaputations: a

lOPT < 0C: Fourier analysis (computation of the coefficients

ck for given values X.)

lPFT > 0 Fouricer synthesis (evaluation_ of the series for given
'k, 

c kt

Usage

CALL (D) TFC(X,N,IOPT,1ER,AUX,NMAX)

X . GIVEN vector of dimension 2*N + 1 containing the values X.J

if IOPT<O. or coefficients ck if TOPT>O0

RESULTANT vector containing the coefficients ck if IOPT<O,

or values X. of the series if IOPT>O.
J

lOPT . GIVEN option parameter. The sign of IOPT specifies the selected

operation (refer to the section Purpose) , the magnitude of IOPT

(no)rmi.l ly I) specifies the indexing Incrcment for 'given and

resultant data within vector X.

gR . RESUILTANT error indicator.

lb01)



AUX AUXILIARY vector of dimension NMAS used as working storage

in subroutine (D) TFG which is called in TFC.

NMAS GIVEN number of elements within vector AUX which may be used

as working storage.

RESULTANT auxiliary storage size which is actually needed by

subroutine (D) TFG.

Error Fable

Code Explanation Program action Comments

0 No error was
detected.

1000 N <2 Operation is bypassed

2000 lOPT = 0 Operation is bypassed

3000 NMAX is too Actual storage require-
sina I merit of (D) TFG is re-

turned in NMAX, vector X

is destroyed, further
operation is bypassed.

Remarks

If (D)) TFC is used to approximate an even function with period

T, the given function values X. (refer to the section Purpose)

must correspond to the (equidistant) argument values

5-j (j = 0, 1 . ..... 2n).

Me thod

The algorithm is based on the Fast Fourier Transform algorithm.

The Fourier cosine scries of order 2n is evaluated by relating

it to a real Fourier series of order n.
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The Fourier cosine series

2n-I

CA. $C + c cos -I- jk +- - 0,l ,, 21)
k=l

can be evaluated by means of the real Fourier series

Y.(a Cos-jm+b sin jm) + a----aj 2 o m n m in n 2 an
m=l

(j=0, 1, ... ,2n -1) with a = (2mn=O, I, , n)

and b = 02m1 21 (in1, Z,..., n-i).

The values Y. can be computed using subroutines (D)TFT and
J

(D)TFG and the values X. are then oht!ni ed from
J

n-I
X = Y + I .xo o 2k+1

k=0

2X. = (Y+Y 2 n.) - (Y -Y (-)/( snn -j) (j 1., 2,..., 2n-1)
i n--j j 2n-j 2

n-i

x2n = Yo - 0 C2k+l

k=0

For the Fourier analysis, i.e., the computation of the coefficients

ck for given X., the relation

211-1. • - )
C ( x1 + X. cos - kj+ x

2k n n2 2 2u)
j=l

(k=o, 1, . .. , 2n) allows thle same algorithm to be used.
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AJING Ii"!' MAIJN PIN'ROGAN1I~ 81,1STN

(JUG

C C 1PROGRAM AI)NGFFT: Four ier IDecoiipo.si Lion of The Phase Function.
CCC

COMMON /I1NTC()M/ XM (1), IWHO1 ) , N
0COMMON /I1N'ILRC / NI , IYFIETA , P (1 01)

D)ATA 11/3. 14I-1 50Th,', NFMAX/32/
]DIMENSION 11(65), PM&~5), PNP105, 10,10). PNM(15, 10,10). AUX(513) -

6H 111(o5), POUTI)( 10 ,10), 1'OUTtI(10, 10)

DI1MENS ION ,A1)EI( 20)
C
(JU
C Nead ii ti-e G IVEN Phase iFunct ion and ot-her control variables.
C,

IPlht- FunK. L ull gi veil wlst he I or equl spaced yaje us of Theta,
C ic;r Ni va lies of dIhta , where N! is anl O1)1 integer, so that.
C tile Pha,-Se I hurtiou values are given for T1IE'A=H*(1-1 ), for

C 1=2 N.where 1I=2aIi/(Nl-l).
C, NJ is, the "umbner of Phase Funct ion values (< or =10) ) per layer,
C Nhý is, the numbher of layers , N the number of quadrature (Wu)

4 ~ ~~C nugl1 s to bo 1isp in th le ADDI))NG p rogram , arid NJ' thle numberi of

C Fnulrinri 1c111 to hie usod ini the Fouri.er Series decorupos it.ion.

1'IAl 5. I NI, Nk W NiF, 1 I'IIRPT , 1 FLUX, I IIENGR . 1NOFT

(Y1 11h .1)<, N , :, N, NF , 1 ']INPT, 11'LUX:, 'I1F\NGE , INOY*T

905 I'URŽAI'QI iARAYIETERS USED) FOR THE PHASf FUNCTION CALCULATION,
1 ,//30X, 'NI '.113,

8 ,3,4CN0F - ',13,////

C

C N1 WIE OFJ'B;I 1 VA hUES OF THIETA FROM0 0-Pl
* ~~C Ni - "I''L)I 01' LAYERjS

C N - NtIiLRh OF ZEN 111 QUADI)ATtRE. P101NTS
C Ni V - - NK+I I s NC~hk1BF 01' FO~LN I P1< TERMS
V !PHRPT -- (I IC NlK. iIý PASI; 1CNGTION t'SEI) IN EACH LAYER

I " SAMEI PH ASE, 1FUNCT 1 )l I S USEID
C il. V I It X) TI') D() AN (J1l I INARY') INTENSITY CAI(LiULA''I ON

* ' '11 I)c' A I'ICY, CALiJI,A'iI()N O L
1 I IiNCR - U T'.) [.AU IN NI V:,IJJLS OF A NUM.-EkRICAJ, PHASE. I'LNCT.

F 1\RL~iI A VALUE (1h' 6 I-Oh EACH! LAY)]:

AS. - 'l' !E'1RY !,ARA-':'I'1A\ GJ ,.\1PI'A,\S ON NE>'!' GA li)(I
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Y (NF . LE NFMAX) GO TO 9 10(
WRITE'F. (6,90 1)

9(01 FORMAT( ' '1//' NUMB3ER Ol' FOURIER COMPONENTS kNEQtIESTEi) IS LARGLR '/
THAN ALLOWED1 BY ARR2AX' SI ZES , EXECUT ION TERM INATED.'

STOP

WRITF(7 ) N I, NL, N, NF2
CALL QUAI)¶KT

-NI 1=NJ - I
DTITETAr-P1I/ N I
N21V=-'-,"NF

Loop I orLx s

1)o 900 I,=] NI

G3 SK IP TiHE PHASE' YUNCTI ON TRANSIFORMi ]Y TIHE, SANE. (ONE I S USED)
C3 IN EACH LAYER.

IF (IPi~' l).)2)TO 50
!VP ( L .LQ. 1. ) GO TO 50

C CONSI'xlCCI 'jHlL JINYEY -GREINSTE IN f'UNCrI ON IF llIENGk~ I

1 1 ,I (, 7

V1, i NL

'VE IT IL G)( P AR
~LC ii'E~I~t /1,' IfNY'i;ý-(;iEElINS'i'Ei 1N 15131~) WIT GIi Vo ' ¾3,,/

GO0 TO0 7.)
(C



Cc
C Fl oi eah MCe(J) nild MIJCJ) , Cal IculaKte t-he Fourier Co(Žt~i cieflt~s

DO( 3 0()CI -I 1 N
A--)I'T, I. 0 -XMIU ( I C~V'IM ( I

Du LOO ),=I , N
1) =,q i UN ( 1 .0 - 'KNU(J ) -,'NM U (J) ---A

DO 100 KC 1(,1K)-

IPP (K) =F] NTE Ri .ACOS (1+C))
100 1~I (K- =F! NTE'R (ACUS (D-c))

C
C MYPASSý 1'tW)N C 1k IN] P F;)R I F V S )INh17=

I F(I 1\U1". K). 1) GO) TO 125

CAIJ C. 1C, (PP , NF', 10171, 11ER, AUX, 513)

(:A;,! TJ'JC (PM. NF, TOPT, 1 EN, AUX, 513)

PP' =P 1 N'P( /2. C)

1 V 5 F GO'P NTC2 I /2.

Cii I' I. N= i 512 /. 0

I ~ COWL'" 519F

1 ,u X .I C N F

Lu (NI "ATC

('05')' 1SI.s F(CVNPTSI T AESFN

17



DO :30 1~01, NF2WRT
REWIND 7

READ) (7) NI, Nb, N, NF2
DO :30 ]L=1,Nl,

DO0 10 K=1,NF'2WI,'I

10 kE.AD (7) ( (IPNM (K , I ,J) ,I= IN) ,J=l N.)

DO 20 11.IN
DO 20 J1I,N

P0O;rP i =)INPl(IKO,1 ,J

WRITE (8 (I ( .~ (Ko IO ( ,J) ,11.),1

W.KITE(8M PV"I 4,llA 1 Nq30 C 0NTI NUE'

E IN 1)

I P
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The results of the FFT's are written to File 7 and the entire process

is repeated (if P()) is different) for each successive layer. Since the

A/D code performs calculations based on all. layer data for a single Fourier

comipOnenlt at a time, the phase function data must be reordered by Fourier

component and then by layer rather than vice vcrsa. The data is therefore

read fruin File 7, reordered, and then written to File 8, which is then

passed to ADNGV9Q.

F.2 PROGRAM 2, ADNGV90

Some key features of the adding/doubling algorithm and its application

to solar scatterinp, are outlined below. The reader is also referred to

I Appendix E where a description of the original A/D code can be found. The

code was first developed specifically to model radiative transfer in plane-

parallel media with internal infrared emission sources. The solar scattering

problem requires a change in perspective, but the same equations apply.

Sjiec.ific chang;.s which supercede the code description of Appendix F are

gi.ven ['re .

Thle user will note that some of the options related to thermal emission

which aIre dustcribchd I n Appendix E have been "turned olf" in this solar scat-

Lte ii h', code. TP'lk, orilg imal A/i) code was al-so coiLrole ld initirt iwuve1yv Iro

a term I na i, and (3oiiih modif iCat ions have been made to aII low agtch prOces-i1g, .im

Pis ,L' I e tL ion da ta i s paIs:icd f[rom A.DNJG F VT through Fil e 12 rather tl ian from

hiL' ser d i rect ly vihi File 5. The a I bedo data is spec itfied at tlCe end otf

4'1 Lu a5 a; an i enry induxed by layer and at t in functional form as suggested l

by 4ppu.l i o [:Int otL te leaturce ; which rema iii activo are unchanged, .t

1'1, A/I) scat t c-ing I ulmcI io - S - anid TI' ;re thlie comput.t. td quautLtit j s

whIichI di iect ly a)pply to tOw solar s-catterijg prob Iem. T'[tey rC)epreSoflL the

I 1 76



the radiative response the med-Lium at. the top or bo~ttow surfaces to an

internal unidirectional source o.1. aI luminat ionl. T'te Solar problem haxving)

an external source which drives raj~iative intensities within tOe mediumn

(including both surfaces) CO I Is toj: inteze:-hanging, t-hu. source, and observer

orientations, or equivalently, having the pihotons move haeikwaru . Thi s

swit ch is done after tlie A/D en heel ations foc each Fourier componenut-sr

completed and prior to coinjut ing the actual ilatenaittea hin AIJINTILNS 1 'I i

scat teeing, funct ions theQmselves arC- dene t!d by

+ I

S -(Ijn, , )andI T I j0 n, ,

F ri I F r 0

with thle following nomenclature:

S Indicates dii fus;e scattering, that is, upward I ntc nalty ex-iting CIL!

c-d ium at. the top surface due. to illuminat-ion dii cft cd downward, or

downward int-ensity ;at lbottomI surfaceU dUe' to kipw id 1 1 umination.

T m la teadi f fuse transminit.ancee Upward iut un: it-y it theilur[nto

is. upward , or downward i t-ens [by if the ill ukiiin-Li n is downward.

-1- hid icaILC tea ourLce il I urin ha ion i-s clirue I:ed upw~ii c

- hid icate 2s soUrce illumination is (I irec tec dowiiwarcl

F ReL-fers; t(J ifte~rnal. illI 111dint io.01 Ieso O to(be foundI at top or

1)0Lor tfl x te UIC) r surfiaceýs.

j- index f-or the zenlith1 Ou eaf esiseilltcwIisi ty

'i Lucxu fattii sniti Lhngl ol ath ii i 40t>C'

ii Az[mutlihal 'Fourier conpanuictl index. The u' tli eoiijolieni) oi- tlwc Diitns.t Y

I elul' ret;pwilds on!y to the V ltli componenW!t oh thei dl Pica2

I %1~ica IhjtI oh- the cI liviv'r ( ;ci e ceOI don as 2I:k Cuas Ie fLow-1 tilie
t C'' *) SK 1525 ; a5 0 soll.t - Ic oc~ t , '1I i

'10t 11 iieLd 11111 optL ic;. I Li : k Ie;
0



Impliciot. Futict ioail Arg!Iumot~s of the Sc-riLering Funlctionsi:

(~) aLbcdo function of optical depth (altit~ude).

P. i )Forward (-i-, -- ) and backward (+,-)phase matrices by
Li Fourier component and optical depth (altitude).

'The .I.ole. actuall.y cowpute~s weiglhtýd forms of these functions which

:ippear as

1+

J4 I! ) F 0

-4-

FFIM(i, 4 r)1 1. - c (F. 3)

15zi- Lilt!0 (]taI-,liiLuii ewi ,1!' lactor aippropriate to the j 'th source

Thej~ qj~R l;I11 it j1 ýýi SI'M, Siii1, TFI"M, itid TFilP are computed to-

* P K lit~ýitv.h lii0 ter itt.r i g1wi1cc i-ons iii AI)NCV9O . The roles of in terlia I

'31)(1Hi (tihturP111 vcsp.'owiie airc. tiic r-ucvincd tbrough recip1 rout.itv, anid two

i1W'..i. ipF ii' Ht Vi'cýi VARPt antidNU SVAJ< )I u -pClse'nt mu, upwi)WId anid downward

* * ri~oriii i rcnpoost I 1)-od 'i11 in xt 01121 stoircu are. iiitroducecl. Thiey' are piv~t~ii

IIAI ý- v] 4
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3=

and

S SFM(j, i) d1i- (F.5)
(+6o,n) V-i

for each Fourier component n and observer level r.

ADNGV90 FiLE STRUCTURE:

FILE 1: This file contains a run label of 80 characters.

tFiLE 5: Primary input file for control of Adding/Doubling calculations.

RECORD 1: NAMELIST CASE PARAMETERS:

NLAYER NUMBER OF HOMOGENEOUS LAYERS (=NL)

DTRLR : OPTICAL DEPTH SPACING USED FOR COMPUTING BOTH
TNTERNAL SCATTERINC FUNCTIONS A.... FOR FINAL

MUTLTIPLE SCATTERING INTENSITIES. CONSTRAINED TO
BEDTRLR=T0/(2**I)WHERE TO IS THE TOTAL OPTICAL
DEPTH AND I iS ANY NON-NEGATIVE INTEGER.

TNOTLR A SET OF NLAYER REAL NUMBERS GIVING THE OPTICAL
THICKNESS OF EACH LAYER STARTING FROM THE TOP.
CONSTRAINED, TO BE OF THE FORM TNOTLR(J) =. (2**I)
**DTRLR FOR ALL LAYERS J AND ANY NON-NEGATIVE

INTEGER I.
T N.IT T/%INk "

I1,w' : =0 OP1IiON NOT ACTIVE
=i INHOMOGENEOUS ATMOSPhERE; SET NLAYER=l

IF HOMOGENEOUS ATMOSPHERE IS NEEDED.

IOCTLl CONTROLS AMOUNT OF OUTPUT ON FILE 6.
=1 ALL SCAtTERING FUNCTIONS PRINTED AFTER EACH

LAYER ADDITION.

=2 OPTION NOT ACTIVE.
=3 ALL FUNCTIONS PRINTED ONLY AFTER FINAL SCATTERING

FUNCTIONS COMPUTED.
=4 OPTION NOT ACTIVE.

- =5 NO OUTPUT ON FILE 6 EXCEPT HEADER.

R.CuRJ) 2: 0MGIFUN S ET OF NIAYhR REAl, NUMBERNS WHICH ARE ],AYER-BY-LAYE1ER
SJNCI,E SCATTERING A1,IJIEDOES ARRANGED FROM Ti'. TOP
LAYER DOWN.

4



FILE 12: Must be the same file as ADNGPFT File P. Contains the phase

function data by Fourier component.

FILE 13: A new intermediate file which is passed to ADINTEN. Contains

external to internal scattering matrices by Fourier component.

" F.3 PROGRAM 3 ADINTEN

The code ADINTEN carries out the last step in the calculation of internal

intensities based on an external driving source. File 7 contains the external-

to-internal scattering functions ordered by Fourier component and observer

level. These functions are read from File 7 and transposed so as co appear

as functiors of the Fourier index n at each level. They are inverse Fourier

transformed by the same subroutine TFC (see section F.1) as was used for the

FFT of the phas. function data. The iuLLeubiLies are given by

I +(r, 0, 0 , p) IFT (SVARP) , (F.6)

and !

!,jJ VI, 0 tJ p
0

Ior a unidirectional exteranal source of unit strei)gth where IFV means inverse

IVouritrr transform. These upward and downward intensities are written to the

svndard outpt file (File 6). in addition, the zteroth Fourier components

of tLl, scatter-ing 9 uncLions are used by themselves to calculate the upward

and downward ratiative fluxes as

( W (r) Y . (d ['SVARP (i, j)]r (v.8)
ji



and

Q-(r) = d. [SVARM (i, J n=O, (F.9)1i I' r, 1

i

at each observer level r and each solar zenith j. The flux callculation can

be carried out without performing more than one Fourier component A/D cal-

culation in ADNGV90. (See directions specifying lFILUX=I in section F.1).

For these special flux calculations, the inverse FFT is suppressed and the

intensities which are printed represent the zeroth component oniy. Thcse

intensities are correct in the case of isotropic scattering (GPAR = 0.0).

Fluxes are written directly to a separate output file [File 10].



Al)I NTEN MA IN PR~lOGRAM LISTI 5!NG

CCG
C THIiS POGNAn RE ADS THlE FOUR IEN COM PONENTS 01' THE SCAT-IEINR N
c V. VT) ).S WR ITTEN BY IHE ADI)]NC PROGRNAM AND) INVERSE COUBIER
C, TN'ASIORYIS THEM) TO EACH). ATE 'IHlE I NTIERI OR I NTENS ITIES DUE TO
C 01 AN-, I NTENSITI1ES A'T TIHE LTOP OF THIE MED)IUM.1

CC(
C'

PEAL,,'S \Nt, DWI\"', XMUI)W'I', IWTIlNV
C

I)K'ENS ION =1it10,10,41), TSM( 10,10,41), XIIP(65 .10,10),
110,AUX! 513)

I 'N N I 'j, 1 i o10, , XMUilW'l') O), IiWTI'NV (10)

C
RKAIO 7 NI\1, NI,, N, NQ,

C ~ KO

C THE Al)! AN COSNE )IO Fil 7 X! E111! RCR

WIC]i i'l

WA(1.(1 , = 0

REAW )NE

I (Ju !2 LI W-,E

Ii Iu m, %L, %mN~

K[1 *N)

Copy available to i.. io
peymit fully legiýble xop..ixductiota



DO 10 K-=,NRS
RiFAD(7) ( (SSt(I ,J,1K) , ]]= N) ,J=l Nl

1O READ(7) ( (TS'I(I ,IK), I ,N) ,J=].,N)
1)0 11 1Wi,N
DO 11 1=I ,N

1] N1M( 2,I , J)=iSN(I ,.J ,NL)

30 CONTINUE
C
C

DO 40 .J=1,N

j.)X' ,=0. 0

1.ýu 0i

DO 40 I=I,N

EI.lI, .J ,IFi,.YI'iJ )±XII'( I ,IJ)'X.,L]( 1 ) IdI)L'1(]
t.'liNN~ (. )=1'1I,~u)I (J .)+Nir 1(1,1I );cXŽIU ( I j)*c))T'( ij)al

31 11 NF2 .FQ. 1) GO TO 40

SV = I--)

XI1 1.1 0'K] Ii 1,F .,-0

•II>(NE2 ,1 , )"2, '(NFI2 , 1 ,J) t
CAL TI.C (X (1H 1 ), NF, lOuT, [IR, AUX, 513)

I ER=O
NI T NN--, I J ) =2\, O'X1 O.( NF2?, J )

"4 C'"' J MT
Wi%'(, I T [" I, K. 1 ;. ,

,I uI~l:u/YI'• 1 '/,., ' I-l, L\--, NUNl•I) I< = ', 1 2/

q

C WN' IT: 0-'T U P AND I)OWN I'ML.ES AT TH I S L.): V1i,

TWO)') =6.2,3 2 8 51

C:

1...... .I =I'I,KKI' KS ).:l •7.
ILIN,,y.I.=127.1 VTWI%')!'I

Cop Q~ilIIl'2IcDTIC dOas r

poxt'it hilljltgbleo'o"h,

].l. ),•J .i , :]'l 7.;' .! -i". 1.2 ( '



WIN ITI--(.10 , 19 7 ) K1,, (I"I U )( J , = I, N )

W l,'ITL(10,198 ) KI, ('LUXI(J) ,I=lN)
WRI'IT( 10, 199)

19o F.ORMAT'(////, AI)I)IN;/I)OUBI,I NG FLUXES' ,/////)
197 F'() RNAT( ' -LE\,V' 14,' FLUXI'' 7, 71;.6,/ ,20XE15 6)
196 FON A'lAi'(' N-LEV\',I4, I.'LUX\I ,7LE.15 22,O, X 20 , 7 L15 .6)
1 }9) F0.'O R IA 'T ( ' ')

CC7

DO(. 50 1,=1 ,Ni.'2'

WE.:ITE(o.4o) Ki,,],
'46 FOI.-IAT(i/ ' R-IIV ',i2,' , liiM INDEX ',12///

]NTIE SISTTY-PI,US (1,.J)1/
------------- -- - - 1' ,SX , 'VALUES - -'//

Do( 47, 1-1 ,N
Ih 47 h.47 '•1,1'"1t{,4,8) 1, (XlI( 1,,1 ,.J),JI=I,N)

..ý., , I A ; 1. (')' ,4 , I)12 .4 )

-4) )1''IAI //' tINTLNS ITY -fM I NUS I ,J) '/

--------------------- '//' 1],5X,'VALUES->'//)
D)O 50 1=1 N:5 0 • R '11N > 4 6 ) 1 , ( X I .N I , , I , .J ) , I N )

I l CON ()T I NU.E,
(.

A!)!) A 1.. k'LI:I.1 A 1 Pl .• ' k ' I\ AIA'PA I J, 1 , "I I,,,
• . ... . ,, ~t~l~t ki~ L,* i IJJ iil fltl kil• 1 ± Lii, [U)

C;

STOPI



F. /4 AI)DIING/1)OUBL1 N( SAN1PLE 113Pl JOB CODNTROEL CAKDS AND) IJAPA El LEvS

1]OBPANll 1\h5 2 . Th ,I,=Ls

/ /IIIASEFF'i EXEC '!=AI
//SDDL B I) SN-\A'ý(LN'hIN. AD)NGFFIT . LOAD ,[)I SP=S~IN

/1/1P1053F00 DDl,)

5 1 7 7 8 3 0 1 1
0.8

/jTO6VO1-. DD) SY S0UT=A
/FT 1 O") 0 1 D D) LS \=&'rEMT1) 1 , UN 1 T=S C RATCI i , 1) S P= ( N EW , ) L TI: 1)E 1, lLTE)

YT/ E''6VO F00 DbI) SN=&'tI-'II,2'', N TT'=SCIRATC(Ii ,Dl SI'= (.NEWý,PASS,)

,''SI'ACLE(CYL, (1,1)
/ /ADI)DNG ENEC l'GM=ýNAIN

6(A SE
N L.AYE.R=7

XI, I =L 3,

/.K55, 0.,L690 0.21777 0,2804 0.3388 0,3485 0.3/485 /
//11W~o )01 DI ) SY)OL ':=I
/ 1",2 '1100 1 DD1 DSN=&TENI'1 2 .DIS P= (OLID, PASS) .UNtT=S(',ATCIi

,'/IT13'011)1) FS=''KM' I3] T=SCRATICI ,1)1N I=(EPS)
P) AC= YL, (1,1

SPAC K, I IK

*~ ~~ Io~i 1'11 F: B iKD 2 i 1, lKS, ?Ir I~



APPEN)IX G; A PLIANEI-IPARALLEL S INGLE SCAT'T"iERIN COI)E (PPS)SI)

(-
C(
C

GC 1NP4UT/OUT'PUT F1'ILES REQU.IRLED
C - - - - -. - . - - - - .- - . - - .- - .- - - -

C

C ,"1'051'001 : lRAI)(5 ' ... ) - FILE IS USED FOR PARAMETER INIPUT USING
G TIlE NA21EI,IST CASE. FILE. MUST FOLLOW NAMELIST INPUT FORMAT.
C 'TOtF'O0 1 W 1T 1 6, . . . )/PR1NT - OUTPUT II LE.
C 1-11Oi'01 0 WNI'IT• (10) - .FLUX OUTIPUT IS
C( WRITTEN D1RECTLY TO DISK FILE 10.
C F1T"1'OOI READ (12) PHASE FUNCTION FOURIER COMPONENT INPUT.
(C FOtURIER COMPONENTS SHOULD NOT BE USED

EXCEPT FOR N=1 FLUX CALCULATION5.
C
C

(2 "'lTo (21A)BA1. rig~hl,,.s are passed t.o all routines through the.
C( follow iug. (C0OIMON blocks. Any vai-iable NOT appearing in a COMMON
C is local to thi routine, and is used for temporary ITorage and

(2
C

(2O>1Ž0 (\ , C.,A,, , TF'I NA,,I , 1 AYER , IM''AX ,I)' i'NIT,.CONN , OME'A,T'1 1,T2,T,'

T lP SUR ,T'NPSUT, )TlRIR , ASY2. ASYSQ,
21 INN> ,11(4 I'I),! .U'RP i AS; .1 i 'i l'YIP 'i, N iAY-K , NAC, N( I N
N.1 , 1 , N'l NN ,NMI , NSIIALL , NDU-ILE, I LAYER ,NON ISO, ISUR-"
NA ,N1)Ub ,NRS, NAC 1,NAC2, NIOIOM0, IOCTLI , 10ITL2,

; l~ •)22I'1,2, I 0;Tl,4 , I OCg'1'L',, SUR-ET

I (TN 01 -K 4 0) X ýl tTI 1 0.,

(WIl2l' N 4I)
i•[;,'!'I~h ,IA1E I 2'.. l'IIASI1 10,1 l Ul() , 'iiASEI" 10I , 10)

1)I1 ENS Iq A'.\-'11 v7 , 4 1,), AMN'I' (7 ,7,41)

CAMA, INPF:'

1* 1LAER
\41 i, ''114 *, ea)(0) N IAYI2W., ( 'I'N()'1,L ( 1 l, , I ,= 1 , NI,AYI2NR
V I'H}l{.t !0,990t) \i,A.Yi1h.,t'l'N 'I!'i,El .) .11, = [ ,=INiAYL~R)

u9oj 'l"h AI / I / ' SI I, S(CAT"'lI' N CASN (2 I, RtN''
" // , NI". ,,i )1-" 1,AYI;-S

; / ,112T, ',,';-iC; A l, I T ,;" : ---' . ,

1, ..•Ir "LA 1) WI) G 't 1

I 'N LAYE\\ l
,,12'. II] ,' \ T A ", I ,; I I I ,) I J,ý I - 1r .)

"i AM- !S



C
C
C ],0011 OVER AZIMUTHAL ANGLES I'll
C

DO 1000 NPII =1.M

C
C
C

D)0 50 NR1,NI,EVEI,
I)0 50 J=1 N
1)0 50 1=1,N

c
AMNTP I ,J, NR) =0Q. 0

50 CONTINUE

C 1P,00' OVE:R SO;RCE IAYEIRS

C
C

DO 500 1LAYER=I,NLAYER
C

C" REAID N TIlE PII[AS L FUJNCT ION VOR Tills I, AYER1
•; AND) "!i \,S ALUJE 01~I.ll]!.

C

READ) 12) ( PIIASIF (I, ), I=I ,N) ,J=I ,N')
kLADIt N 'IASI',!•t I , , != N. ,. N)

C
C WR ITI'(6, 91 Q) ( (PUlASEE(1 ,J), 11 ,N) ,J=1 ,N)

C 1I1) YO Rl{ I-Ar(. ., P!!I AS 1: Y.UNg: I(n< o

S • 7(7.'F 3.r,, )
(.-

c 1,O01' OV'Li., BO'I i QUAN1<ATt'RE ANG I.S

I)M 400 1=1,N

C
DO 400 J=I,N

C.
SSSI':I'IIAS , ) "1C),1 0 IGITN I LAYER , I ,i N V I I I

C, E5\[i'llASI. I , it)(ltt ( IXAYER )":X\II INNV 1(),/1)'OR. I

. It .I=I -, N . I l, ( -1,AYI;R )'': .t"Nt't .

S I I I I I S'-w- I I .oLI 'I I.I~LfI i ~ L1\ I)-.I ]\



IK 1 .E Q. GOi 71) 10 0
DI) FlkAT=(E"Xi'HU I -1 EXPtIUJ ) /(XMO INV (J)- XMO 1INV( 1))

I 00 E'ONS' I NL'E'
SsSM=,SSSN~l)I FRAU'l

C

D)SrAN= 1. .0

C

>IA\rI LAYER- I
1)0I 1() NF." tAY=1I , MAX

iiS''RANI)SRAN;h51( -TNO'1'11 (NEX1IAY) )'ýXMU I INV (J))
C,
I) Cf. I'J'] NIýl

S- SM, I1 ýS S S 1 1- DSF RAM,

4C ADD Ci <N'H lW1'1Q>1. 'ON O oPl 01' SCATTERiNG LAYER
C

N..i=1, i,\\ENJ
A"I\~'P I .1.'K2 z\C~UP(I I,NR )+555F)S

C l): lALE'h 'CO FT 01'JSC5(2.41. LAYER

i'NŽ J1 M S A'IN'ItI'.10 .JNKR+,SSSM

NE iit~i'~ \US'FEI

>s¾¾ (~k.>f :1¶I o -2\Oi')i ik) )'X1C N (

it),. 13 ' N.

'iii,' \A 12 I' )N -Vi1'(' LF 1,ii

A' 1% 1 .4ý ;i 4 NiS ) (7 I 31



300 CONIU
350 CONTINUE
400 CONTINUE

(55 00 CONTI NUE
c

C VP! TbGUT API'U A L 'N NNS I TI P

DO 550 NR=I ,NIVEL
WRJTECO,992ý) NRNEIIl

992 FORMATf( 'I',/// S INCLE SCATTER ING PN'IENS 111ES Al''
K-EVEL 1'~2,' P1ll INDEX :' 2,/!

WR ITE, (6,9 93) ((ANTP(1 ,J NR) ,J=l N) 1 -1 A)
993 FORMIATI'( // ,'I NTENS I TY UP SOLAR REN l~ii --

,---------------- ,/,(X71.,L/

WRITE(6 ,994) (AINNT( ,J,NR),9=1 PN) ,l=1,A)
99 F]"RMAT( // , ' I1 NTENS iT D41OWN SOLAR EIN I TI!

- ------------- '/7 5N .71'1 P4,/,/

550 CONTINUE
C

IE(M.NE.1) GO TO 1000

PIN' TE (11 9)5
C ]'1<>A'1 /// I N'1EGNATLID S I N(,INE SCVI2'EPINC i I'S1' "O'11W,/)

C AT T~illS POINTi ARRAY S AMN'INP ANI) APIN'I' CONTAIN
C 'Il N EO EILTZERCYli0T IOUN IEN, I NTENS IT]I ES.

C. MISNI OVER 0PWSLR\'!EE A'N .G E ' 1 T',) GET ANT(,Al, UP' A'\; I)A'~i\ FI

DO 600 -=1 =IN
iS) 6N!. N`\ci ',,!JA I.j

A\1'I'l TP 1 1 ,I \I ' I ,NR -'.-
AT"!! (I J, NE k =A'i'K'1`'PI _1 ,9 NP VX 1 I I ':'THOPI >1))N"

C iL NI I'' i 5)

1)) _700 .1=1I N L P

DG) 0 tIS 1=2 ,N
AN1NTPi 1 ITP)AI'i(I. N 4'IT(Ii PWN1(<~P 'V'

* .A'1\'I'>I( I~~~~~~j ,11 \\ ]'A> NT (1J ,N '+AŽN'TM(1(,iNPX'1 1 ''lhi I''

7 0k0 CON') I N L,

C WVP'II) 011' ]"UXS EIL) B'. LEVEL

* 1)0 ~~~800NPIII\'

. VEkl')f. I LUXEIS 'I~ IX!' NA S'I'(l•AGIK F] LI: NUIMBER o

i6



W3',0K( iO.9o) Nix, (AMNTI'I 1 - NN~) -I~ =IN)
"N1xI lI: 10.997) N,(AMNNW( I _1 ,Nk) ,J1 =IN)
WRI I'113 1(0,998)

(7 800 CONTIj NUE
1 000 CON"'i NuL:

C

-. C.

9 9 C Y PUNNAl> i% - lA' ,i4, 171UXt' E.71 15. b)
9)()7 EI'M-IA'fl ' <LV14,' FLUXM 7' 7115.6)fi998 YOI)EMAT(

* (3 11131 L''L INE, !NPk;T

C. Th'is "1-.rotlitillo detrm ivie's the illplit "ndu startilug parameters
(C

UC

Nli)N\IJ N1,0N1' l TS\IA31 ANY t'1iT3 ,'1'I 1ATNN1YIS .N1 ,NC IN,

* ~~~~NA\,Nl)L'P,.NRS ,NA(, INAC'-), INH01i0>1 , IOCT'II,1 , IO(((311,2

P! 'IAU13 Ith Y~I)13''1A'( 10)

1A '1Y E-+O

COpyv ciai
I 0

6' n'



C The tofll owlinp, NAMEI [ST is u~s d to h ipilt. run paIranwturŽ .s

NANE!M 1 81 CASE/1 N, M, OMEGA, XMU, C, NON 180,I1SURI'. ASY, DTI'AX,
NJAYEN , I NIOM(), TNO'FLN, i)'Ilh~ IS(Th."l'n, >IsulT
1>1P SUN , WAVE IN , NITI)X , I T EIIOCT 12,
I cCLI 3 1 COCI' A , I 0(111 5, T111 Pk NM

[DATA NI.N1AX/40/ , NMUMAX/JO /

(CCC
c [DATA st atvnie.Mis for raw 6M-,- L.,1II) v 1s sd 1.0 gene Va itv qna1,drntn re

WCv ights t7 or OY1r011 2- LO 10 bdMv I)o j1!LS . The rslI L I 11g WCe igIILS

C arco us ed to r a Gauss ,ian q 11/id ratL. ire schieme.

D)ATA V1Y 0.577350-1692/
I V\t-3 /0. 774.596t,6921

1 C'i / .55C5(5535555

0.888888889 /
-VI U 94 0, .861 1 )05 116,

0 ..33 91)8 10 040 :*e

(:4 0 0. 3478648451,
~ G .6-52 1451549 I

I N103 / 0.9061 718459)

U.0
C5 0 1. 2:3o'92o0663

I u . z3 1 95 7be /
4 6b7 ( 137:340,

1k(; 0 . )46 )10h1"):139: 4

1~~~ >217 8' 0.491) 151,

IDATA C7 I 0. 1) /94-8 4)bet

1 ~0.41793918337
U D028) 04

4'ý t) 4\ t



DIATA C8 / 0.1012285363,
0.22238-10345,

1 0.3137066459,

]iT I 0.3b26537834 /,
] XHMU9 0, ,968,1602395,
S0.88360311073j,

0. 61 337 14327,
] 0. 32425342'34,

0.
DATA C9 / 0.0812743884,

0.1i806481]07,
1 0.2061 00964,

0.3123470770,
o.3302393550 /

\X:IU 0 / 0.9739065285,
1 (). 0 8 50633667,

0. ( 7 '; 4 09.56F3,
() 4:'339.-3941

I 0.1488743390 /
DATA (1 / 0. Oo671 3443,

1 0. 1494513492,
I 0.2 1908t3625 ,

0. Io ; 7 193,
0.29152422 °47 *1

D)ATA XIL I / U. 9879925 180,
I 0.13"72733924,>0 J. , 9)7 2. 7'319. 4

] (). 8482()-5h34,
( 7' " 3 2441-7:;14

1 0. 570972172b,
I 0. 3941513471,

S',Zo01 1'•)4(0)40

CI U. " ' 7 ".'2

:; t -,(4 75
0. 101 1592205
S0. 1 '1 ()770tl7 7•

S0, 1 ') 0 "92058
U. 1 Colo )10001

0. 19843 14.853
*1 0 . 7FL, /

C C(C
A Il Pi r ji L i 1) ~ -11S 111 ii I N I TIALI, Z 1 ) 1.o t.hei c D E' A U L' v, I i ies

:C

* 1921



I NIIOŽ1 0
1N]{ONW 0
NLAYEI4 I
TNOT = 0. 0

ASY = (0.0
D)ThAX =:3.051)-05

ThOTIIRMl = 1.0
])TRI1E 1 . 0
FO0I811]2.56el37062
TOOPI 6.283)18531

TNTŽ1Sl = :35.0

T'm1SUT 323 .b
"'TNIP 323.0
VýAVELN =5.0

RLEFII) D\ 1 .0
I OCT"' I 1
10CUT'L-" 0

100fC4=(

C? Pa rrne t er i npu1t over rid ing the de faul t s is doteits usig 1113M 1¾()NTNAN
C NAMEI ST iinput tochnique. Thu data is, read usjing NANEfLIST /CASL-/,

NEA) t (A35I
:2 N PUN1,NAY21 , N, Hi

2 Check Fur poss 1 lit jes of Storage overf low

1 F 1 (N . LE3. NNUYI.AX) Go TO 8
t VýN I TB ,7 N , NILNAX
F 221T 'ii I1 7 1N , NNUM~i

7 FORNAT ( // ERROý I N Al) I NC I'ACKACE I'
1OO MANY OLADNATURI P01 N,'1 S PLC IIIii'.//
N 12, . . A I U L. .1'- 1¼ i

EN). AU I N TFIR" I NAlT,)
CýA!,. EXIT

iiF \ LAY Bk. I, NKMAN ) CG u Tu

\ML PTI[ LYI N1R7,'IA:,K

F 19 3



CALL, EXII'
I"ORMIA''( /i//' F'';'' ERROR 1N ADD ING PACKAGE / /

LAYER 'I'll IWIKNESS STORAGE WILL BE EXCEEIDED, EXECUTION STOPPED.'
// NAYER M13,'; HAXIMUM ALLOWED = ',t3//

I NCREASEL TNO'IUR DIMENSION IN ALL COM.IONS.'/)

c

G (ONT1 NUFE

10 lV(N.:Ni. 1) G () TO 11
XIIV(N1) = XU GTO1
XCI(2) = - XI,2
(.7(!, 1.

1 C ]1S.Nt-.3) ( ;o T' 12
C i 21, ) ( I . (1•j)

l' N.NE.:["G TO . .,,i " l i

D L -1: I •( 1
C(!1) ( .)(,1)

1 31 F((N.NE. GO) TO 14

(1 A ('38 )
I 1-, C 1- i : ( '1' 1 13

1 ,' ( -,I G I " ,

13 11DO NI.. t;u "0 1(7
if)( 138 1 _ 1,

(A(i) (-it>

131 ! Uq 1 *: "iV

* X- ML,'( I I = -X"L;lt( 1 -)

2~' 1- >h I = 1,
) ,(IU[ ( I- ) C: . (:iko1 1

JF5 (I(-IN . , C O '(] t
* A() I"SR I = ,'3

1,, 71,1'ti) = C '> I ( -1

'IL 1S I (1 ,

S1"• . : ' - ) 1 '

CS[} = C •



DO 15ý9 1 =5,7

159 XMit(T)=->1(8)
Ilt LF>N.NEl.tl) GO TO 17

DO Ilo8 1 = 1, 4
XMUJ 91 = :YU818()

168 C(91) = CS(1)
DO) 169 1 = 5,8

169 >01(I) =-XM108(9-1)
1I IF(N. NE. 9 GO TO 18

DO 178 1 1,I 4

C(I) = 9(I)
178 C(10-1) = 9(1)

C N(. 5) =2(9(s)
1)0 179 1 = 0.9)

19 ") XMU(I) = -XMU( 10-1)
18 1P(N.NE. 10) GO TO 19

DO 188 1 =1,5
*Mu >8(I = VI210()(1

Cl(I1 (:I()(1I

1Du 169 ) 1 0.
189 XM >8() I -VIt10( 11-1)

I 1 FiN .NEI . I) G 0 TO 2 0

1. 8 C 1 5

X1)') 1. X"VJ I I3 1

J4( IM 2liN011-1

0 00 X:'R1(1I) = 5Nj( 4 .
06J 21 1 1 N.

"DW'f (I) = I( ) -,1- . .5
D)WI'IN V I1. / DVF )'

X'< !)T X'1 1K>



PLANE'- PARA1~IKL' S INGLE' SCA'fTTE.RING PROGRAM PPSS1:

SAMP'LE IBMW 1013 CONTROL CARDS AND DATA FILES

/ / P1IASEIYT- IKIC 'N=MA IN
/ / S1'K 1Pi), DD) ]SN=MO'14 1 01 . A0NGl'1T . LOADDI),) SP=SIIR
//1-TO,0 C ,0 1 1) 1) '

5I3 1 0 1 1q ~0.13
/ / j6IO6V( I DD)1 SYSOJT -A
,"'07O / T 11 DI)1);)N=&TK-MP IN1T CAl 1I5~ NW,1ISEEEE

/1 PlA(EUK(CYI 1, (1 1)I
//1O"I'OSP0 1 DD1 I )555PKT1MP2, (, IN I '-SCRATCI, D1)SP= (NEWI ,PASS),

S PA (I'=(CI I1,
//T'ss 11: EIK1'GMbI=AI N

;// STEP] ,l DD DI))SNwM(I1'ii 101 . I P55 .1,OAD ,1)1 SI=S11R
'//1"1l'5F() I0 DD)

NiAYEIRZ32,
T N oT1 W 0 .'2>5 2 0862K1.- 06 1 0.4097418K-OS, 0.4014033K,-OS0, 0. 7848409E-05,

0 . I~O 11 K- 04 , V . 7 30 4 5541E>-0 4 0.38503791K:-03, 0. 179337 lE-03,
0u. 2 4 : 34531EK-03 ,0. 2448388K,-O3, 0.2478 541KE-OS, 0. 2506557K'-03),
0 . 2T3n 1920K]-OS" 0).22973761K -03 , 0. 2439-53E'3-03, 0 . 2650 0 9 711 -03,
0. 291)09585 7KE'-03 , 0 .:3 1240681>"03 , 0 . 3249425KI-OS, 0.3344070E-03,
C,. 30o9 52-72K-'' - 0 3, o.22 79)736E.-O03, 0. 1256998K'-O03, 0. 8913260K-04,
0 . 18Gb 02KoI-O,- 3, 0. 4] 5699 2K:-OS3, 0.91552)635K-OS, 0. -250214-52E-021,
0 . o07800) I K-02- , 0. 1590'397E-01, 0. 47776621; -01 , 0 . 10467151>1-00,

U . 7)9'35 31.,4+0() 0 .C)5934 11:-+ 0 0 0. 205ý)949 7K-I-GOl 0 .2'0)942 2K+400
C 050/7 201 U00' C . '3171 30K -1 9). 23 1: 3057 1 - 03 0 .22611081; -03

5.11511') 121K-C0 0. .:9674I57K-03 0.46376281>-03 0.54291781K-oS
t). ol 19 I ) 0'F ).tU I)0s . )')'JPf)0 7 I3 i'.03 0 ý 8 '9 /it-LI03 0 . 0v 65K-03

. ,37411K'- 0; I). 23 75K'-o1 0.3to5l-)156 -03 0.4311903EIK-03
79. ( 079]9011K-O u'. ). 1 () 32i1 9K:- 022 0.5051012E-02 0.15273801K-U]

.1'3 97 186KC () . 'W08797ý1K-02 0 .46591329K"-02) 0. 2893881K-02
C 228)3551K -02 0 . 94+o67o61 -0 1 0 .2 8 0282 9 1K-:O 0.385 3-O

I/1'T'k F0 0 1 1) ) SYSUVV=-A
1,T112i'C()l 1DI)ONttli~I2*II8'(i) 0,1)1;,K'1) VIN 1IT-,UWkATCAII

/,III 0'I) Pi)0 1SN=MGI''4 10 1 . SJLUXN. DIATA,

/1''II' 0-0002- DI) 1)SV;\i(Y4 10] .S8[1IJ\. DATA,
l)I1S P= t())kI 1),KI.'.IKIKKI)
PCI);13z([)SOWI=IS , IN1;(: 1' I 3, , s BIS];120


